MDT20 SERVICE GUIDE 



The Morrow MDT20 is a customized version of the Lear 
Siegler ADM22 Video Display Terminal. For servicing 
purposes at the dealer level, the MDT20 and ADM22 are 
identical, with the exception of certain xiser features 
that depend on the presence of a Morrow-spectfied ROM 
on the terminal motherboard (A44). User features are 
discussed in section 1 of this manual. 
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DISCLAIMER 

No representations or warranties, express or implied, are made 
with respect to the contents hereof, including, but not limited 
to, the Implied warranty of merchantability or fitness for a 
particular purpose. Further, Morrow Inc., reserves the right to 
revise this publication and to make changes from time to time in 
the content hereof without obligation to notify any person of 
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IMPORTANT WAERANTT INFORMATION 
LIMITED WARRANTY 

Morrow, Inc. warrants its products to be free from defects in workmanship and 
materials for the periods indicated below. This warranty is limited to 
the repair and replacement of parts only. 

This warranty is void if, in the sole opinion of Morrow Inc., the product has 
been subject to abuse or misuse, or has been interconnected to other manufac- 
tthrer's equipment for which compatibility has not been established In writing. 

Circuit boards - Parts, including the printed circuit board, purchased as 
factory assemblies, are warranted for a period of ninety (90) days from the 
original invoice/purchase date. 

Electro-mechanical peripherals - Peripheral equipment such as floppy or hard 

disk drives, etc., not manufactured by Morrow, Inc., are included in the 

limited warranty period of 90 days from the original invoice date when sold 
as part of a Morrow system. 

Exception - Expendable items such as printer ribbons, software media, and 
printwheels are not covered by any warranty. 

Software/Firmware - Morrow, Inc. makes no representations or warranties what- 
soever with respect to software or firmware associated with its products 
and specifically disclaims any implied or expressed warranty of fitness for 
any particular purpose or compatibility with any hardware, operating system, 
or software /firmware. Morrow, Inc. reserves the right to alter or update any 
program, publication or manual without obligation to notify any person of 
such changes. 



LIMITATION OF LIABILITY: THE FOREGOING WARRANTY IS IN LIEU OF 
ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING, BUT NOT 
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. IN NO EVENT WILL MORROW, INC. BE 
LIABLE FOR CONSEQUENTIAL DAMAGES EVEN IF MORROW, INC. HAS BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. 



WASRANTY RETURN PROCEDDRE 



Should a buyer experience a defect in either workmanship or materials during 
the warranty period, any Morrow Authorized Service Center will replace or 
repair the product at its expense only if the product is promptly returned 
to the dealer or Service Center with dated proof of purchase. 

Should factory repair be necessary, the Service Center shall contact Morrow 
Customer Service for a Return Materials Authorization (RMA) number. 
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SECTION I 
GENERAL DESCRIPTION 



1.1 INTRODUCTION 

This section describes the specifications of the Morrow Terminal, 
along with its functional capabilities. These specifications are 
also listed in Table 1-1. 

1.2 PURPOSE AND USE 

There are numerous applications of the Morrow Terminal, all involving 
the transfer of data to and from your Morrow Designs Computer. Data 
transfer in some applications may be almost exclusively 
unidirectional, such as from the unit to the computer. A more 
frequent application is one in which you communicate with your 
computer, and the computer responds in accordance with its stored 
program for word processing or other application programs. 

The Morrow Terminal has the following general capabilities (all 
included to enhance the level of performance of your system) : 

Twelve inch (30.5 cm) diagonal non-glare display 

Full 128 ASCII character set, in an 80 column by 
24-row format 

Four visual attributes - blink, reduce, reverse and 
underline 

Detachable 92-key keyboard with a typewriter style layout 

Fourteen key numeric keypad 

Separate cursor control keys 

Seven function keys 

Remote or local display editing 

Conversational or block mode communications at fifteen 
selectable transmission rates 

RS-232C serial asynchronous interfacing 

RS-232C auxiliary buffered communications port 

Non-volatile set-up mode for terminal configuration directly 
from the keyboard 
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1.3 PHYSICAL DESCRIPTION 

The Morrow Terminal is a two-piece modular design that includes a 
monitor assembly and a keyboard assembly. The monitor assembly 
contains the main logic board, the display driver board with 
associated cathode ray tube ( CRT) , and the regulated power supply. 
For user convenience, the power ON/OFF switch and video contrast 
control are located on the front of the monitor assembly. At the back 
of the housing are the interface connectors, keyboard connector, and 
power cord. The keyboard assembly contains the 92-key keyboard and 
associated logic. A six-foot coiled cord connects the keyboard to the 
monitor assembly. Both assemblies are packaged in lightweight, 
compact housings that provide flexibility and convenience in 
operation. 

1.1 OPERATIONAL DESCRIPTION 

The Morrow Terminal is an interactive device which is used to 
communicate with your Morrow Designs computer. Using a keyboard 
similar to that of a typewriter, you may enter information which is 
either immediately transmitted to the computer (conversation mode), 
or, stored in display memory for block transmission to the computer 
(block mode). ( For most applications, your Morrow Terminal will be 
used in the conversation mode. ) Data from the computer is received 
and displayed at baud rates as high as 19200. 

1.4.1 Control Logic 

The Control Logic contains the microprocessor and various integrated 
circuits which control the operation of your Morrow Terminal. These 
operations include: timing and control, data handling and storage, 
interpreting and responding to commands from the keyboard and the 
computer, video control, I/O interfacing and status control. 

Data sent to the terminal is received by the Control Logic from the 
Interface Port. The microprocessor decodes the input data and 
reformats it into data and control instructions for the Video Logic and 
Control Logic. 

1.4.2 Video Logic and Drive 

The Video Logic and Drive section provides the circuitry needed to 
drive the CRT on the display drive board. The 2K bytes of display 
random access memory ( RAM) , and character generation circuits, as well 
as the video logic, are on the main logic board. The CRT screen can 
display 24 lines of data containing as many as 80 characters per line. 
Data from the control logic is written into the display RAM; control 
instructions from the CRT controller cause the contents of the RAM to be 
displayed on the monitor screen. Figure 1-1 depicts the character 
format and associated hex codes used for display in the Morrow 
Terminal. 
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Figure 1-1. 128 Character ASCII Format, with Hex Codes 
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Figure 1-2. Displayable USASCII Character Set and Control Codes 
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1.4.3 Keyboard 

The keyboard contains 92 keys from which data entry and control 
functions are locally initiated. In the conversational transmission 
mode, each keystroke is encoded into a corresponding ASCII character 
by the control logic, which is immediately transmitted to the 
computer. In half-duplex operation the character is also routed back 
to the video logic, or in full-duplex operation, echoed from the 
computer via the Main Port. In the block transmission mode, 
characters are displayed on the CRT and held within the terminal, but 
are not transmitted to the computer until the appropriate SEND LINE or 
SEND PAGE command has been given. 

1.4.4 Main and Auxiliary Ports 

The Morrow Terminal comes standard with two ports - the Main Port and 
the Auxiliary Port, both of which are located on the back of the 
terminal. Your Morrow Designs computer and the Morrow Terminal 
interface via the Main Port. The Auxiliary Port is an RS-232C serial 
output port, with a control signal interface. Usually, an 
asynchronous serial receive only (RO) printer is connected to the 
Auxiliary Port. The printer used may be a character-by-character or 
buffered type, and may operate at a different transmission rate than 
that used on the Main Port. 

With the X-ON/X-OFF (Busy/ Ready Handshake) feature enabled, the 
Morrow Terminal is able to pass a busy status of the Auxiliary Port 
device to the computer and also state the terminal's local condition 
during operations which need long execution times. This avoids any 
loss of data. 

Data and control information from the computer is routed through the 
Main Port to the Control Logic. The control logic causes data to be 
displayed on the monitor in the same manner as the keyboard data. The 
interface logic contains the circuitry appropriate for interfacing 
via RS-232C signals. The interface logic also contains the baud rate 
clock which permits the Morrow Terminal to receive and transmit data at 
selected baud rates from 75 to 19200 baud. 

The Morrow Terminal transmits blocks of data by retrieving data from 
the display memory for routing by the control logic. The control 
logic reformats the data and routes data and control information to the 
appropriate interface. Interface logic is used to prepare data and 
control information for transmission to the appropriate device 
connected. 

1.4.5 Set-Up Logic 

The Morrow Terminal features a non-volatile Set-Up Mode to establish 
terminal operating characteristics. Through commands from the 
keyboard or computer, the control logic causes the Set-Up parameters 
to be loaded or read into system RAM. This information can then be 
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1.4.6 Regulated Power Supply 

The Morrow Terminal power supply is located in the rear of the base. The 
power supply can accept line voltage inputs of 1 15 VAC or 230 VAC (with 
230-volt power supply option installed). 
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Table 1-1 
Morrow Terminal Soecif ications 



SPECIFICATION 



DESCRIPTION 



DISPLAY 
CRT Screen 

Vertical Refresh Rate 

Horizontal Refresh Rate 
Display Page 
Display Format 

Character Set 

Character Matrix 
Character Field 
Cursor 

Cursor Controls 



Visual Attributes/ 
Protected Fields 



Alpha -Numeric 



12-inch (30.5 cm) diagonal, P31 Green 
Phosphor with etched faceplate. 

50 or 60 Hz, depending on line frequency 
non-interlaced . 

19.2 kHz. 

1920 characters/page. 

80 characters x 24 lines, plus a status line 
which indicates terminal configuration. 

128 ASCII characters, plus line drawing and 
four-segment cell graphics. 

7 X 11 dot matrix. 

9 X 12 dot matrix. 

9 X 12 dot matrix, selectable block or 
underline; steady or blinking. 

Left, Right, Up, Down, Home, Return, Read 
Cursor, and Cursor Addressing. 

Blink, reverse, underline, reduced 
intensity, and combinations thereof, used 
to designate protected fields for editing 
and transmission formatting when protect 
mode is set . 

26-Ietter alphabet with upper and lower 
case, numerics through 9, Return, Shift, 
Punctuation, Backspace, Tab, and Caps Lock. 
Most keys are auto repeating (approximately 
15 characters per second). Selectable 
audible key-click. 
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SPECIFICATION 



DESCRIPTION 



KEYBOARD 
Numeric Key Pad 

Cursor Control Keys 
Edit Keys 

Function Keys 

Functional Comnand Keys 

EDITING 

Edit Operation 



COMHUNICATIONS 
Block Mode 

Conversation Mode 

Program Mode 

Monitor Mode 

Interfaces 

Data Rates 



14 keys: through 9, Enter, Consna, 
Period, and Minus. 

Right, Left, Up, Down, plus Home. 

Character insert, character delete, line 
insert, and line delete. 

Fl - F7 which transmit a single-character 
control code. 

Set-Up, Break, ESCape, Control Print Screen, 
Line Feed, Delete and Save. 



Clear Entire Screen, insert characters, 
delete characters, insert lines, delete 
lines, erase line, erase to the end of 
line, erase to the end of page; all or 
unprotected only. 



Send line, and send page; all or 
unprotected only. 

Interactive (character-by-character 
transmission. Full or Half Duplex). 

Control characters may be transmitted to 
computer and/ or entered on screen. 

Hex codes are displayed for all received 
data. 

Main Port: RS-232C 
Auxiliary Port: RS-232C 

75, 110. 150. 300. 450, 600, 900, 1200, 
1800, 2400, 3600, 4800, 7200, 9600, and 
19200 baud. 
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SPECIFICATION 
Word Length 
Parity 
Stop Bits 
Format 
Busy Indication 



GENERAL 

Operating Environment; 
Temperature 

Humidity 

Power Requirements: 
Standard 
Opt iona 1 
Heat Dissipation 

Dimensions: 

Width (Monitor) 
Depth (Monitor) 
Height (Monitor) 
Depth (Keyboard) 
Height (Keyboard) 
Weight 



DESCRIPTION 

7 or 8 data bits. 

Even, odd, or no parity. 

1 or 2 stop bits. 

ASCII serial asynchronous conmunications. 

Main Port: Sends X-OFF (DC3) or X-ON (DCl) 
to computer on busy/ready condition of main 
or auxiliary port. 

Auxiliary Port: Senses busy level on Pin 20 
(DTR) of the auxiliary interface. 



Operating: 10» C to 40» C (41" F to 104« F) 
Storage: -15° C to 65" C (5" F to 150" F) 

10% to 85Z without condensation. 



115V + 10%, 60 Hz, 50 watts. 
230V + 10%, 50 Hz, 50 watts. 
222 BTD/Hr. 

16.5 inches (42.0 cm). 

14.6 inches (37.0 cm). 
12.2 inches (31.0 cm). 
7.5 inches (19.0 cm). 
2.8 inches (7.0 cm). 
24.2 pounds (11.0 kg). 
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1.5 DISPLAY CHARACTER FORMAT 

The standard Morrow Terminal character set contains 128 ASCII 
characters, 32 of which are control characters (see Figures 1-1 and 
1-2). The entire character set may be displayed on the CRT screen by 
setting the terminal in Program Mode. 

1.6 MORROW TERMINAL WORD STRUCTURE 

The Morrow Terminal transmits serial asynchronous data in a 10 or 1 1 bit 
format in the following sequence: one start bit, seven or eight data 
bits, one or no parity bit and one or two stop bits. The parity bit can 
be either odd, even, or none and is defined by a Set-Up Mode selection. 

The received data shall be formatted the same as the transmitted data. 
The word structure, baud rates, and other communications 
characteristics are established via Set-Up Mode selections . Refer to 
Section II for details. 

1.7 230 VAC OPERATION 

The Morrow Terminal may be optionally ordered to operate on 230-volts 
AC. This option must be requested at the time of the order. 



1-10 



SECTION II 
INSTALLATION 
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This section contains installation instructions for the Morrow 
Terminal. Also included are descriptions of on-site safety 
requirements, initial terminal configuration, communications inter- 
faces, plus procedures for power turn-on, power turn-off, and routine 
maintenance. 

2.2 SAFETY REQUIREMENTS 

No special safety precautions are required when installing your Morrow 
Terminal. Simply observe normal safety procedures. 

2.3 UNPACKING AND INITIAL INSPECTION 

Each Morrow Terminal is thoroughly inspected and carefully packaged 
prior to shipment. Every precaution is taken to ensure that each unit 
is complete and ready for installation at the customer's site. 
However, it is recommended that each unit be inspected upon receipt for 
transit damage. Start by examining the exterior of the package for 
evidence of rough or careless handling; then perform a thorough visual 
inspection of the internal components and subassemblies. As a rule, 
most transportation companies will not honor claims for damage unless 
they are filed promptly; therefore, the following steps should be 
taken : 

1 . Verify that each item shown on the Sales Order Packing Slip 
has been included in the shipment. Contact Morrow Designs 
or your dealer immediately in the event of a packing 
shortage. 

2. Verify that the serial number of the unit corresponds to 
that shown on the invoice. 

3. Check the hardware to determine if any assemblies or 
screws were loosened during shipment. Tighten as 
required. 

4. Inspect for dust or foreign material which may impair 
electrical contact when cable connections are made. 

5. Install and test the Morrow Terminal as soon as possible 
after delivery. (This is very important since internal 
damage to the equipment cannot be determined by visual 
inspection alone. ) 
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6. If, in your opinion, the equipment has been damaged - 
either internally or externally - notify your dealer 
immediately, and ask him to make an inspection. 
If assistance is needed to describe the extent of 
damage or the repairs that will be necessary, 
contact our Customer Service Department. 

2.M SITE REQUIREMENTS 

The Morrow Terminal may be conveniently used in a normal office 
environment, as no special mounting provisions are required. It is 
recommended that the environment be weather protected, with an ambient 
temperature range of 41" F to 104' F (10- C to 40' C) , and a relative 
humidity of not greater than 85*. 

CAUTION 

Whenever the Morrow Terminal is physically moved from a cold 
location to a warmer environment, be sure to allow 
sufficient time for the equipment temperature to equalize 
with the warmer location before activating the unit. 
Condensation developed by the temperature differential 
could possibly impair the Morrow Terminal. 

The physical dimensions of the Morrow Terminal are shown in Figure 2-1 . 
The basic requirements for installation are as follows: 

Table or desk mounting. 

Standard three-pronged 115-volt (230-volt) A. C. power outlet. 

Cable connection to the computer; serial printer, or other 
auxiliary device. 

2.5 INITIAL PREPARATION 

2.5.1 Line Voltage Selection 

The Morrow Terminal is shipped connected for either 115-volt or 230- 
volt AC operation, as specified on the purchase order. Any change in 
line voltage requires circuit changes which can only be performed by 
factory authorized maintenance personnel. 

2.5.2 Set-Up Mode Features 

The operating characteristics of the Morrow Terminal are controlled by 
firmware "switches" that are displayed on the status line when Set-Up 
Mode is commanded. Figure 2-3 illustrates the display of the status 
line and the standard default settings. The status line is broken 
into nine four-bit "nibbles, " one through nine, and baud= xxxx, nibble 
10. Each nibble has four bits, or switches, that can be set to "0" or 
"1 ". Table 2-1 summarizes the functions that are selectable in 
nibbles 1 through 10 when in Set-Up Mode. 
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Figure 2-1 . Morrow Terminal Mounting Requirements 




Figure 2-2. Typical Morrow Terminal Applications 
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Figure 2-3. Morrow Terminal Set-Up Mode Display and Associated Keys 
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Entering Set-Up Mode - Pressing the Set Up key on the upper-left corner 
of the keyboard causes the Morrow Terminal to enter Set-Up Mode. 
Pressing the key again will cause the terminal to exit set-up and return 
the previously established mode. When Set-Up Mode is entered the 
Morrow Terminal will: 

1. Scroll the display up one line and present the 25th status 
line, and 

2. Transmit an X-OFF (DC3) code to the computer - if the terminal 
was on-line and the X-ON/X-OFF protocol was enabled. 

When Set-Up Mode is exited the display will scroll down one line (no 
data is lost) and the terminal will transmit an X-ON (DCl ) code under 
the conditions noted in number 2 above. 

Note 

Changing communications characteristics when in Set-Up 
Mode may affect or prevent further data transfer with the 
computer or auxiliary device. 

Selecting Functions- When Set-Up Mode is entered, the cursor will move 
to bit 3 of nibble 1 ( refer to Figure 2-3) . The cursor is moved to the 
bit to be changed by the -* — and — ► cursor control keys. 
Pressing the f key when the cursor is positioned over the desired 
bit (the "=" for nibble 10) will alternately select "0" or "1 " for that 
function, or sequentially select the various baud rates for nibble 10. 
Any invalid keystroke will sound the audible alarm and the character 
will be ignored. 

Saving Set-Up Functions - When the various functions are selected they 
take effect upon exiting Set-Up Mode. If Set-up Mode is exited by 
pressing the SET-UP key, then the set-up is stored in temporary 
"working" memory and will be lost if the terminal is powered-down. To 
cause the set-up functions to be saved in non-volatile memory, press 
the SAVE key when in Set-Up Mode. A save operation will not be 
performed if the SAVE key is pressed while the terminal is in any mode 
other than Set-Up. The Morrow Terminal will always power-up with the 
last saved set-up condition. 

2.6 INTERFACE INFORMATION 

The Morrow Terminal may be cabled directly to a local computer; serial 
printer, or other auxiliary device; or it may be connected via 
telephone data lines to a remote computer located anywhere in the 
world. Figure 2-2 shows a typical Morrow Terminal application. 
Figure 2-4 shows the rear panel locations of the interface connectors. 

2.6.1 RS-232C Interface (jD 

The Main Port interface provides RS-232C signals and levels as 
specified in the RS232 standard. The maximum permissible cable length 
is 50 feet for RS-232C applications. 
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2.6.2 Auxiliary Port Interface (J2) 

The Auxiliary Port is used for connecting a receive only (RO) serial 
printer or other RO device to the terminal using RS-232C signal levels. 
The Auxiliary Port may be set for a different baud rate and word 
structure than the Main Port. The Morrow Terminal can sense a busy 
condition to prevent data loss by the auxiliary device. 

2.7 POWER TURN-ON 

1. Set the ON-OFF switch to ON (refer to Figure 2-4). 

2. Wait approximately 20 seconds for the unit to warm up. 
The cursor should appear in the HOME position and the 
terminal will sound the audible alarm. 

2a. If the cursor does not appear, turn off the Morrow 

Terminal, wait 15 seconds and apply power again. If 
the cursor still does not appear, check the CONTRAST 
control, then contact your dealer or our Customer 
Service Department. 

CAUTION 



To avoid damage to the CRT screen when the terminal is to 
remain ON but unchanged for extended periods of time, reduce 
the screen brightness using the CONTRAST control. 

3. Adjust CONTRAST control (Figure 2-4) for desired display 
brightness. 

2.8 POWER TURN-OFF 

Turn off the Morrow Terminal by setting the ON/OFF switch to OFF. 

2.9 INSTALLING THE MORROW TERMINAL 

1. Check the ON/OFF switch (refer to Figure 2-4) to ensure 
that it is set to OFF. 

2. Connect the data interface cable(s) to the terminal using 
the appropriate interface information (paragraph 2.6). 

3. Plug the power cord into a grounded AC outlet of the proper 
voltage. 

4. Turn on the terminal. 

Note 
The BAUD RATE is factory set to 9600 baud. 
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5.. Select the Set-Up Mode functions as desired to establish 
the operating parameters of the Morrow Terminal (refer to 
Table 2-1). If the terminal is to power-up with the 
selected functions, execute a Set-Up "SAVE" operation 
(refer to paragraph 2.5.2). 

2.10 CARE OF THE MORROW TERMINAL 

Proper care of the Morrow Terminal consists of performing the routine 
cleaning and inspection procedures listed in the following 
paragraphs. 

2.10.1 Cleaning 

At periodic intervals, clean the exterior housing and lightly dust the 
unit using a soft brush or damp lint-free cloth. Paper towels may be 
substituted if desired. Do not use petroleum base cleaners, such as 
lighter fluid, as this could be harmful to the painted surface. 
Remove smudges from the CRT exterior screen and the housing with 
conventional glass cleaners or alcohol. Be careful not to scratch the 
CRT screen. 

2.10.2 Inspection 

Periodically inspect the keyboard assembly and switches for freedom of 
movement. Determine that the intensity of characters displayed on 
the CRT screen have not diminished. Any required mechanical and 
electrical adjustment shall only be performed by our factory 
authorized maintenance personnel. 
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POWER ON/OFF SWITCH 
CONTROLS POWER-UP 
AND POWER-DOWN 
SEQUENCES. ALSO PER- 
FORMS HARDWARE 
RESET WHEN SET TO ON. 



VIDEO CONTRAST 
CONTROL 




AUXILIARY PORT 
CONNECTOR J2 



KEYBOARD CONNECTOR 



AC LINE CORD 



PRIMARY (MODEM) PORT 
CONNECTOR J1 



Figure 2-4. Morrow Terminal Controls and Connectors 
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Table 2-1 
Status Line and Recommended Set Up 



* 



(Main port) 

Parity enabled/disabled 

Parity even/ odd 

Data bits 8/7 

Stop bits 2/1 







% 



(PROTECT TYPE) 
Blinking ON/OFF 
Underline ON/OFF 
Half intensity ON/OFF 
Reverse video ON/OFF 



QroipTQ 



* 



{ 



(OPERATION & CURSOR TYPE) 
00: STD 

Other: UNDEFINED 
Cursor underline/block 
Cursor blinking/ steady 

INVERSE ON/ OFF 
Duplex Full/Half 
EIA Enabled/Undefined 
AUX port ON/OFF 
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imi 



5 



qiqiqk; 



(OPERATING MODE) 
Conversation/ Block Mode 
00: MONITOR MODE 10: UNDEFINED 
01: NORMAL MODE 11: NORMAL MODE 
Local/ON-LINE 

Auto LF/CR 

Unused 

Margin bell ON/OFF 



Key-Click ON/ OFF 



a 



% 



(AUXILIARY PORT) 
Parity enabled/disabled 
Parity even/odd 
Data bits 8/7 
Stop bits 2/1 



CUO 



om 



^ 



4 



(AUXILIARY PORT BAUD) 

0000:19200 0100:4800 1000:1200 1100:300 
0001:19200 0101:3600 1001: 900 1101:150 
0010: 9600 0110:2400 1010: 600 1110:110 
0011: 7200 0111:1800 1011: 450 1111: 75 

X-ON/X-OFF enabled/disabled 
Scroll enabled/disabled 
Program mode display ON/OFF 



-— Unused 
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SECTION III 
OPERATION 



3.1 INTRODUCTION 

This section provides the information necessary for the operator to 
utilize the Morrow Terminal to its fullest capabilities. This 
section emphasizes the commands required to initiate and control 
various terminal operations, whether originating from the Morrow 
Designs computer or the keyboard. 

3.2 OPERATIONAL MODES 

The Morrow Terminal provides several different modes of operation 
which are selectable by the computer or from the keyboard. The 
following paragraphs summarize the operating modes and the associated 
interactions. The power-on mode conditions are established by the 
last saved functions selected in the associated Set-Up features. The 
various command sequences used to change the operating 
characteristics of the Morrow Terminal are detailed in paragraph 3. M. 

3.2.1 On-Line Or Local Mode 

On-Line Mode - When the terminal is placed On-Line, data being received 
will be displayed or acted upon, and keyboard entries will be 
transmitted and/or displayed, depending on the communications mode 
selected. 

Local Mode - In Local Mode the terminal ignores the communications 
interface and keyboard entries are displayed or acted on locally, no 
transmission takes place. 

3.2.2 Conversation or Block Mode 

Conversation Mode - This is the normal mode for operation with the 
Morrow Designs Computer. In Conversation Mode, data entered on the 
keyboard is immediately transmitted to the computer, character-by- 
character. When Conversation Mode is selected the display action is 
determined by the setting of Full or Half Duplex Mode as follows: 

Full Duplex - Characters typed are transmitted only, no local 
operation takes place. In order for data to be displayed, it must be 
echoed from the computer. 

Half Duplex - Characters typed are transmitted to the computer and 
routed to the display locally. 
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Block Mode - When Block Mode is selected data entered on the keyboard is 
sent to the display only. This allows the operator the ability to 
format and correct a screen of data prior to transmission to the 
computer. The extent of transmission (line or page, unprotected only 
or all) depends on the command issued to initiate the send operation. 

3.2.3 Protect Mode 

Protect Mode operation allows specified characters on the display to 
be "protected" or reserved when performing block transmission, 
tabbing, or erase operations. Characters to be protected are entered 
after a "Set Write Protect" command is issued. This will cause the 
data subsequently entered to be displayed with the "Protected-Field 
Visual Attribute" selected in Set-Up Mode. If "Protect Mode" is not 
set, no special actions take place. If Protect Mode is set, then the 
highlighted (Write-Protected) data is not transmitted or erased when 
the appropriate commands are initiated and tabbing to unprotected 
fields is enabled. Setting Protect Mode also prevents the display 
from scrolling. 

3.2.4 Normal Or Monitor Mode 

Normal Mode - Normal Mode causes the 96-displayable ASCII characters 
(iiU-Yt* hex; to be displayed when receiveu. lue o^^ uuuco vwu-n i»ex; 
are acted upon only if they are control codes for the Morrow Terminal, 
otherwise they are ignored. 

Monitor Mode - Enabling Monitor Mode causes all received data to be 
displayed as ASCII hexadecimal pairs (00-7F). No control codes are 
acted upon and all data is displayed. Monitor Mode may only be exited 
by resetting the terminal or through Set-Up Mode. 

3.2.5 Program Mode 

Setting Program Mode causes the terminal to display all 32-control 
codes (00-1F) instead of acting upon them. This allows the embedding 
of formatting information particularly useful in block transmission 
or print output, and as a diagnostic aid. 

3.2.6 Set-Up Mode 



Set-Up Mode is entered by pressing the SET-UP key on the keyboard. The 
terminal will sound the audible alarm, transmit an X-OFF code (DC3-13 




the SET-UP key again exits Set-Up Mode and causes any changes that were 
made to take effect. The terminal will transmit an X-ON Code (DC1-11 
Hex), if X-ON/X-OFF is enabled, and scroll the data down one line 
returning the original display. The Morrow Terminal ignores all 
received data while in Set-Up Mode and any invalid keystroke sounds the 



audible alarm. 
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3.3 KEYBOARD OPERATION 

The operator uses a keyboard very similar to that of a standard office 
typewriter to enter data and perform control operations, 
functionally the keyboard consists of the displayable 96-ASCII 
character set keys and various control or modifier keys. All keys 
will repeat automatically if held down for approximately one-half 
second or more. Paragraphs 3.3.2 thru 3.3.9 detail the keyboard by 
the following classes of keys: 

Alphanumeric and Punctuation Keys 

Numeric Keypad 

Modifier Keys 

Cursor Control Keys 

Edit Keys 

Transmission Keys 

Function Keys 

Special Operation Keys 

3.3.1 Keystroke Conventions 

Ordinarily each keystroke typed by the operator is independent of the 
one preceding or following it. The 2-key lockout feature of the unit 
prevents the production of a second code before the key already typed is 
released. 

3.3.2 Alphanumeric and Punctuation Keys 

The upper/lower case, numerics, and punctuation characters from the 
96-displayable ASCII character set, (21-7E Hex) including SPACE (20 
Hex) and DEL (7F Hex) , are output to the display and/or transmitted when 
a key is pressed. Keys that have a double legend produce the lower- 
case or lower legend unshifted, and the upper-case or upper legend when 
pressed with the SHIFT key. The SPACE key generates an ASCII 20 Hex 
code for transmission and occupies a space on the display. 

3.3.3 Numeric Keypad 

The ASCII numerals through 9 along with minus, comma, and period, are 
output to the display and/or transmitted (depending upon the 
communications mode selected) when a key is pressed. The ASCII hex 
codes generated are identical to the lower legend numerals and 
punctuation on the main keyboard area. 
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3.3.4 Modifier Keys 

The following keys do not generate an output by themselves, but modify 
the code generated by the alphanumeric keys on the keyboard. 

SHIFT causes the upper legend character of a double legend key to be 
produced when pressed in conjunction with either SHIFT key. The 26- 
alpha characters are shifted for upper-case, and unshifted for lower- 
case. 

CAP LOCK this push-on/push-off key causes the 26-alpha characters to 
stay shifted (upper-case) when on. The numeric and punctuation keys, 
as well as the various control keys, are not affected. 

CTRL causes one of the 32-ASCII control codes to be generated when 
pressed in conjunction with an otherwise displayable character key. 
The character generated will not occupy a space on the display unless 
program mode or monitor mode are set. Some control codes are utilized 
by the Morrow Terminal, refer to Table 3-1 for details. 

3.3.5 Cursor Control Keys 

The Cursor is used to indicate the next character position to be entered 
__ 4-u~ ^^'^^in-.. Tu^ myy^arw m Q u ho nn<iiHnnpH hv rpmofce commands from 

the computer or by cursor control keys on the keyboard. The following 
keys are used to position the cursor on the display: 

.«_ fc. |l and HOME move the cursor as indicated and transmit the ASCII 

control codes listed in Table 3-1 when the standard Morrow Terminal 
command code set has been selected. 

If the position moved to is protected, the cursor will move to the first 
unprotected position in the direction commanded. 

TAB will cause the cursor to advance to the next tab stop and an HT (09 
Hex) code to be generated. There are two types of tab operations 
possible, Modulo and Protected Field. When Protect Mode is not set, 
the tab stops are automatically set at every eight character position, 
0, 8, 16, . . .72. When Protect Mode is set, TAB will cause the cursor to 
advance to the first unprotected character position following the next 
protected field. Tabbing will move the cursor to the first tab stop on 
the next line when at the last tab position on a line. 

BACKSPACE causes the cursor to move one character position to the 
left, or end of the previous line if the cursor has been at the beginning 
of a line. A BS code (08 Hex) is generated when the key is pressed. 

RETURN moves the cursor to the beginning of the line it was in, or the 
beginning of the next line (carriage return + line feed) depending upon 
the auto-line feed selection made in Set-Up Mode. The key will 
generate a CR (OD Hex) or US (IF Hex) code per the auto-line feed 
selection. 
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LINE FEED moves the cursor to the same column position of the next 
line down. This will cause a scroll operation to occur if the cursor 
was on the bottom line of the display, scrolling was enabled in Set-Up 
Mode, and Protect Mode is not set. If scrolling is disabled or Protect 
Mode is set. the cursor will move to the same column inthetopline. If 
the position is protected, the cursor will move to the first 
unprotected position on the line. The Line Feed key produces an LF (OA 
Hex) code when pressed. 

3.3.6 Edit Keys 

The Edit keys on the Morrow Terminal operate differently depending on 
the serial number of the unit. On units with serial numbers lower than 
:::" ; 1 ';.^)-, the Edit keys will only Work when the terminal is being used 
in Block Mode, and therefore will not normally be used. The 
operations of the Edit keys in Block Mode are detailed below. 

On units with serial numbers from '" • .; !'. oo and up, the Edit keys 
operate as described below in Block Mode, and when in Conversation 
Mode, transmit the appropriate WordStar codes. 

Terminals with serial numbers between 'r"'l1" .:. and :■':;":" may be 
upgraded at a small cost to give the added convenience of WordStar code 
transmission. 

In Conversation Mode on terminals which have the WordStar capability, 
the Edit keys perform as follows in WordStar: 

CHAR INS toggles WordStar's INSERT mode on and off. It does this by 
sending a *V (control-V) when pressed. 

CHAR DEL deletes the character at the current cursor position. All 
characters on the line to the right of the cursor get moved left one 
position. It sends a *G (control-G) when pressed. 

LINE INS will insert a new line at the current cursor position, moving 
all text on the line from the cursor to the end of the line, along with 
all subsequent lines, down one position. It does this by sending a *N 
(control-N) when pressed. 

LINE DEL will delete the entire line the cursor is on, afterwhich all 
subsequent lines will be moved up one row. It generates a '*Y(control- 
Y) when pressed. 

When not in WordStar, the function performed by the keys is dependent 
upon the applications program being run. 

Operation of the Edit keys in Block Mode is as follows: 

CHAR INS causes the character under the cursor and all following 
characters to move one position to the right. The character insert 
operation terminates at the end of the line, or first protected field if 
Protect Mode is set, and the last character on the line is lost. A 
space character is written under the cursor. 
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CHAR DEL deletes the characters under the cursor and moves all 
characters that follow on the line, or first protected field if Protect 
Mode is set, to the left. A space is written in the last character 
position of the line or field. 

LINE INS causes the entire line the cursor is in to move down one line 
as well as all lower lines. The bottom line of the display scrolls off 
and is lost. The cursor moves to the beginning of the line created 
which is filled with spaces. If Protect Mode is set, no operation is 
performed. 

LINE C£It erases the line containing the cursor and moves all lower 
lines upward one line. The cursor moves to the beginning of the first 
line that moves upward. The bottom line of the display is filled with 
spaces. If Protect Mode is set no operation takes place. 

3.3.7 Transmission Keys 

Two types of data transmission may be initiated from the keyboard - a 
Send Page Unprotected and a Page Print, as follows: 

ENTER will cause the unprotected data from home to the cursor 
position to be transmitted out the Main Port if Block Mode and Protect 
Mode are set. If Protect Mode is not set, all data from home to the 
cursor position will be sent. If Conversation Mode is set, then the 
ENTER key generates a CR (OD Hex) code only and no block transmission 
takes place. 

COPY causes the data from home to the cursor position to be output to 
the Auxiliary Port device, usually a printer. At the end of each line 
transmitted, the Morrow Terminal automatically inserts a CR (OD Hex) 
and LF (OA Hex) code in the output data. The Auxiliary Port must be 
enabled in Set-Up Mode for the operation to take place. 

3.3.8 Function Keys 

The seven function keys, F1 thru F7, transmit a single control 
character. The keys perform no local operation and are used as special 
commands to be interpreted by the computer for particular system 
operations. The keys and each associated transmit sequence are as 
follows: 







ASCII 


HEX 






NAME 


CODE 


F1 


. 


SOH 


01H 


F2 


~ 


STX 


02H 


F3 


Z 


ETB 


17H 


F^ 


= 


EOT 


04H 


F5 


~ 


ENQ 


05H 


F6 


~ 


CAN 


18H 


F7 


— 


SUB 


1AH 
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3.3.9 Special Operation Keys 

The keys listed below perform special operations or have a unique 
effect on the Morrow Terminal. 

SET-UP key causes the Morrow Terminal to enter Set-Up Mode when 
pressed, as described in paragraph 2.5.2. Pressing the key again 
exits Set-Up Mode. 

£A3i£ is active only when the terminal is in Set-Up Mode. Pressing 
the key causes the current set-up functions to be saved in non-volatile 
memory. The saved selections are used to establish the power-on or 
reset configuration of the Morrow Terminal. The SAVE key has no 
effect when not in Set-Up Mode. 

M£iAK causes a break (mark) condition to be presented on the transmit 
data line of the Main Port for approximately 300 milliseconds. This 
operation has no effect on the terminal and is usually used for control 
signaling to the computer device. 

ESC generates a special control code (IB Hex), usually followed by 
one or more characters, used for command operations. Thus, ESCape is 
usually considered as a "Lead-In" character for terminal control 
operations. Paragraph 3.4 and Table 3-2 detail the ESCape sequence 
utilized by the Morrow Terminal. 

3.4 CONTROL CODES AND ESCAPE SEQUENCES 

3.4.1 Control Codes 

The operational characteristics of the Morrow Terminal are 
controlled, in part, by a group of control codes which may originate at 
the computer or at the keyboard. Control codes are not displayed 
unless Program Mode is set. In that case the Morrow Terminal will 
display, but not act upon, the recognized control code. Of the 32- 
ASCII standard control codes available for use, the Morrow Terminal 
utilizes the control codes listed in Table 3-1. 

3.4.2 Escape Sequences 

An ESCape sequence is formed by executing the ESC ASCII control code, 
followed by one or more otherwise displayable ASCII characters. Each 
ESCape sequence controls a specific terminal operation. Some 
operations are one-time only, others remain operative for as long as 
power to the unit is not interrupted or until terminated by a control 
code or ESCape sequence. 
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Table 3-2 shows the ESCape sequences used by the Morrow Terminal, 
whether initiated from the computer or the keyboard. ESCape 
sequences may be initiated from the keyboard using the ESC key during 
Conversation Mode or Block Mode operations, as follows: 

Conversation Mode, Full Duplex - ESC is transmitted directly 
to the computer and is utilized by the Morrow Terminal only when 
echoed back by the computer. 

Conversation Mode, Half Duplex - ESC is transmitted and 
acted upon locally by the Morrow Terminal. 

Block Mode - each ESC sequence is immediately acted upon 
by the Morrow Terminal, unless program mode is set. If 
embedded in memory, the ESC sequence will be displayed but 
not acted upon, and will be transmitted, along with the 
block of data. 
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Table 3-1 
Control Codes Utilized by the Morrow Terminal 



HOW TO EXECUTE 
OPERATION FROM FROM HEX 

CPU KEYBOARD CODE 



DESCRIPTION 



Bell 



Backspace 



BEL CONTROL G 



BS ••— 08 
BACKSPACE 
or CTRL H 



Tab 



HT TAB or 
CTRL I 



07 Sounds the audible alarm. 
(If margin bell enabled 
in set-up.) 

Moves the cursor to the left 
one character position. The 
cursor moves to the last posi- 
tion of the previous line when 
at the first character posi- 
tion of the line. 

09 Moves the cursor to the next 
tab stop - Beginning of the 
next unprotected field if pro- 
tect mode is set, to every 
eighth character position 
(modulo 8 column tabs) if 
protect mode is reset. (Same 
as ESC I) 



Line Feed 



LF 



Upline 



VT 



Forespace 



FF 



Carriage 
Return 



CR 



or CTRL J 



tor 
CTRL K 



— ► or 
CTRL L 



RETURN* 
or CTRL M 



OA Moves the cursor to the next 
line down in the same column. 
If the cursor is located on 
the last line, a scroll opera- 
tion will be performed, if 
enabled. 

OB Moves the cursor to the pre- 
vious line up in the same col- 
umn. If the cursor is located 
on the first line, no opera- 
tion takes place. 

OC Moves the cursor to the right 
one character position. The 
cursor moves to the first 
position of the next line, 
when at the last character 
position of a line. 

OD Moves the cursor to the first 
character position of the 
current line. 
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Table 3-1 (Continued) 
Control Codes Utilized by the Morrow Terminal 



HOW TO EXECUTE 
OPERATION FROM FROM HEX 

CPU KEYBOARD CODE 



DESCRIPTION 



Keyboard 
Enable 



SO CTRL N * OE Allows data to be entered on 

the keyboard - keyboard un- 
lock (*froin computer only if 
keyboard is already locked) . 
(Same as ESC ") 



Keyboard 
Disable 



SI 



CTRL 



Reset Auxil- 
iary Port 
with/without 
Display 



Clear all to 
Spaces 



DC4 



CTRL T 



Escape 



SUB 



ESC 



CTRL 2 



ESC or 
CTRL [ 



Home Cursor 


RS 


HOME or 
CTRL* 


New Line 


US 


RETURN * 
or CTRL 



OF Prevents data from being 
entered on the keyboard - 
keyboard lock. (Same as 
ESC #) 
Auto line feed is disabled. 

14 When printing through 
auxiliary port, with/ 
without display will 
continue until the 
buffer is empty. 

Erases the display to spaces, 
and moves the cursor to the 
Home position. 

Recognized by the Morrow 
Terminal as a code extension 
character which must be fol- 
lowed by otherwise displayable 
character or characters to 
invoke a specific terminal 
operation. 

IE Moves the cursor to the first 
character position of the 
first line of the display. 

IF Moves the cursor to the first 
character position of the next 
line (*when auto line feed is 
enabled) 



lA 



IB 
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Table 3-2 
Morrov Terminal Escape Sequences 



(Operations which have an * beside them are also selectable in set-up mode.) 



COMMAND ESCAPE SEQUENCE 
Keyboard Unlock ESC " 



Keyboard Lock 



Set Protect 
Mode 



ESC # 



ESC & 



Clear all 
to Hull 



ESC * 



HEX 
CODE 

IB 22 



IB 23 



IB 26 



Reset Protect 


ESC ' 


IB 27 


Mode 






Reset Write 


ESC ( 


IB 28 


Protect 






Set Write 


ESC ) 


IB 29 


Protect 







IB 2A 



DESCRIPTION 

Enables data entry from the 
keyboard. (Same as SO) 
(Hitting SET-UP twice will 
unlock the keyboard.) 

Disables data entry 
from the keyboard. 

Causes protect mode to be 
entered, highlighted (write- 
protected) data is reserved 
(protected) during certain ed- 
iting and transmit operations. 

Causes protect mode to be 
exited. 

Causes write protect to be 
terminated . 

Causes all subsequent data 
to be entered as write pro- 
tected. Data will be high- 
lighted by the protected field 
visual attribute selected in 
the set-up field. Data will 
not be "protected" , however, 
unless protect mode is set. 

Causes all display data to be 
cleared to nulls protected or 
not, and the cursor moves home. 



Clear Unpro- 
tected to 
Spaces 



ESC + 



IB 2B Causes only unprotected data 
on display to be cleared to 
spaces, cursor moves home. 
If protect mode is not set, all 
data is cleared. (Same as 
ESC ;) 
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Table 3-2 (Continued) 
Morrow Terminal Escape Sequences 



(Operations which have an * beside them are also selectable in set-up mode.) 



COMMAND 

Load Default 
Status Line 



ESCAPE SEQUENCE 
ESC 



HEX 
CODE 

IB 30 



DESCRIPTION 

Causes the diagnostic test 
mode to be entered* 



Send Line 



ESC 4 



Send Page- 
Unprotected 



Send Line-All 



Send Page-All 



Clear Unpro- 
tected 
to Spaces 



ESC 5 



ESC 6 



ESC 7 



ESC ; 



Address Cursor ESC-(X^x2) 



IB 34 Transmits the unprotected data 
in the line containing the 
cursor, starting at the begin- 
ning of the line and up to the 
cursor position. 

IB 35 Transmits the unprotected data 
on the display starting at home 
and through to the cursor 
position. A CR (code CD Hex) is 
transmitted at the end of the 
block. 

IB 36 Transmits all data in the line 
containing the cursor starting 
at the beginning of the line 
and up to the cursor position. 

IB 37 Transmits all data on the 

display beginning at home and 
continuing through to the 
cursor position. 

IB 3B Causes the unprotected data 
on the display to be cleared 
to spaces and the cursor to be 
moved to the home position. 
(Same as ESC +) 

IB 3D Used to position the cursor 
(20-6F) to a specified row and column 
(20-37) on the display. The location 
is expressed as two ASCII 
characters. The first (X ) 
specifies the column coordinate 
(20-6F Hex). The second (X^) 
specifies the row (20-37 Hex). 
Refer to Fig. 3-2. 
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Table 3-2 (Continued) 
Morrow Terminal Escape Sequences 

(Operations which have an * beside them are also selectable in set-up mode.) 



COMMAND 
Read Cursor 



ESCAPE SEQUENCE 
ESC ? 



HEX 
CODE 

IB 3F 



Enable Auxil- 
iary Port with 
Display 



ESC 



IB 2C 



Set Block 
Mode* 



ESC B 



IB 42 



Set Conver- 
sation* 



ESC C 



IB 43 



Insert Line 



ESC E 



IB 45 



Back Tab 



ESC I 



IB 49 



DESCRIPTION 

Causes the terminal to 
transmit the cursor row and 
column position in the same 
format as described in "Address 
Cursor" Command. Column posi- 
tion is transmitted first, 
followed by the row position. 

This command causes all data 
received by the primary port 
to be displayed and/or acted 
upon, and transmitted to the 
auxiliary port device. In con- 
versation/half duplex mode, 
keyboard entries are also 
transmitted. 

Cancels conversation mode and 
causes block mode to be en- 
tered. Refer to para. 3.2.2 
for details of block mode 
operation. 

Cancels block mode and causes 
conversation mode to be en- 
tered. Refer to Paragraph 
3.2.2 for details of conver- 
sation mode operation. 

Causes a line of spaces to be 
inserted at the line containing 
the cursor. All lower lines 
scroll down one line, the 
bottom line being lost. No 
action takes place if protect 
mode is set . 

Moves the cursor to the 
beginning of the previous 
unprotected field if protect 
mode is set; to the left eight 
character positions (modulo 8 
tab) if protect mode is reset. 
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Table 3-2 (Continued) 
Morrow Terminal Escape Sequences 

(Operations which have an * beside them are also selectable in set-up mode.) 



COMMAND 

Set Monitor 
Mode* 



Print 
Page-All 



ESCAPE SEQUENCE 
ESC A 

ESC P 



Insert Char- 
acter 



£.SC Q 



Delete Line 



ESC R 



Erase to End- 
of-Line Unpro- 
tected 



Delete 
Character 



ESC U 



ESC W 



Erase to End- 

of-Page 

Unprotected 



ESC Z 



HEX 
CODE 



DESCRIPTION 



IB 41 When set, all received data 
will be displayed as hexa- 
decimal ASCII pairs, 00-7F. 

IB 50 Causes all data from home up to 
the cursor position to be 
transmitted to the auxiliary 
port device, a CR and LF code 
(OD and OA Hex) are added at 
the end of each line as it is 
sent. (Pressing [PRINT] on 
keyboard performs the same 
function.) 

IB 31 Moves all data from the cursor 
position to the end of the line 
or protected field one position 
to the right. A space is 
written at the cursor position. 

IB 52 Erases the line containing the 
cursor and moves all lower 
lines upward one line. No 
action takes place if protect 
mode is set . 

IB 53 Erases the unprotected data 

from the cursor position up to 
the end of the line or 
protected field. 

IB 57 Deletes the character under the 
cursor and moves all characters 
from the cursor to the end of 
the line or protected field to 
the left one position. 

IB 5A Erases the unprotected data 
from the cursor position up 
to the end of the display or 
protected field. 
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Table 3-2 (Continued) 
Morrow Terminal Escape Sequences 

(Operations which have an * beside them are also selectable in set-up mode.) 



COMMAND 

Enable Auxil- 
iary Port 
without 
Display 



Erase to End- 
of -Line All 



Erase to End- 
o£ Page All 



ESCAPE SEQUENCE 
ESC - 



ESC T 



ESC Y 



HEX 
CODE 

IB 2D 



IB 54 



IB 59 



DESCRIPTION 

This command causes all data 
received by the primary port 
to be transmitted to the 
auxiliary port device. No 
data are sent to the display. 

Erases all data from the 
cursor position up to the end 
of the line. 

Erases all data from the 
cursor position up to the end 
of the display. 
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3.5 DATA TRANSMISSION 

Data entered from the keyboard may be transmitted to your computer 
either character- by-character as during Conversation Mode operation, 
or in message blocks, as during Block Mode operation. Transmission is 
serial asynchronous, with an ASCII character format of 1 start bit, 7 or 
8 data bits, odd/ even, or no parity bit and 1 or 2 stop bits. The word 
structure and baud rate used are selectable in Set-Up Mode. Main Port 
communications are via a bi-directional RS-232C interface as detailed 
in Section II. Auxiliary Port communication is uni-directional via 
an RS-232C interface, also detailed in Section II. 

Data communications can take place whenever the Morrow Terminal is 
placed in On-Line Mode. When receiving data the Morrow Terminal has 
an X-ON/X-OFF busy indication feature used to command the computer to 
suspend transmission to prevent data loss. 

3.5.1 Conversation Mode Characteristics 

When the terminal is operating in Conversation Mode, characters 
entered on the keyboard are immediately transmitted to the computer. 
This includes any control codes or ESCape sequences which are normally 
not displayed. If Full Duplex Mode is set, then only those codes 
echoed by the computer will be displayed or cause any action to take 
place. 

3.5.2 Block Mode Characteristics 

During Block Mode operation, data entered on the keyboard is routed 
only to the display or acted upon for command sequences utilized by the 
Morrow Terminal. This allows complete display editing and formatting 
prior to transmission to the computer. By setting Program Mode, 
control codes may also be embedded in the display for transmission. A 
block of data can be transmitted in whole or in part by the use of the 
Protect Mode feature. This allows the computer the ability to send a 
form to the terminal which is Write-Protected. When Protect Mode is 
set, data the operator enters is transmitted only when commanded. 
Block Mode commands may be used to cause the terminal to transmit a line 
or page, unprotected only, or all of the data. Received data is 
accepted conversationally or in blocks, regardless of the mode 
selected. 

3.5.3 X-ON/X-OFF (Busy/Ready Status) 

The Morrow Terminal has the ability to signal the computer of a 
potential data loss if the printer buffer is nearly full or the terminal 
is otherwise unable to accept data. The X-ON/X-OFF feature may be 
enabled or disabled through Set-Up Mode. When enabled the terminal 
will transmit an X-OFF code (DC3-13 Hex, Control S) to the computer if 
the input buffer has fewer than 256 character locations remaining. An 
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X-ON code (DC1-11 Hex, Control Q) will be transmitted when there are 
lOZH locations available in the input buffer. Using the Page Print 
function or the Pass-through Print with low speed printers will also 
cause the X-ON/X-OFF commands to be issued when appropriate 
Busy/Ready condition is sensed on the Auxiliary Port via one of the RS-l 
232C signal levels. The CP/M operating system will recognize these X- 
ON/X-OFF codes and stop the transmission when requested by the 
terminal. 

3.6 CURSOR CONTROL 

3.6.1 Relative Cursor Positioning 

The Cursor may be moved to any position on the screen using the separate 
cursor control keys. Its position signifies the next character 
position in the display. When data is being entered, the cursor moves 
one position to the right on the line or to the first position in the 
next line each time a character is written. The control codes 
required to control the cursor position are outlined in Table 3-1. 

3.6.2 Absolute Cursor Positioning 

Absolute Cursor Addressing requires commanding the cursor to a 
specific display location. Commanding the cursor to a specific 
location (loading the cursor) is normally executed by the computer. 
The Load command is executed by means of an ESCape sequence in which the 
row and column location of the cursor is expressed in a pair of ASCII 
characters. 

3.6.2.1 Load Cursor Operation 

When the Load Cursor operation is initiated the cursor moves to the 
commanded position. The Load Cursor operation codes required are as 
follows: 

ESC = COL ROW 

ASCII ASCII 

USCII Character associated with 
row i^-2^) position. 

•—ASCII Character associated with cursor 
column (1-80) position. 

EXAMPLE: ESC=1/"commands the cursor to Column 18, Row 16. 
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Alphanumeric and Punctuation Keys (3.3.2) 



Cursor Control Keys (3.3.5) 



BACK 
SPACE 




CHAR 
INS 


CHAR 
DEL 


LINE 
INS 


LINE 
DEL 
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— 
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• 



Modifier Keys (3.3.4) 



Numeric Keypad (3.3.3) 



Numbers in parentheses are paragraphs which detail the 
Key(s) Operation. 



Figure 3-1. Morrow Terminal Keyboard Functions 
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Function Kevs (3 3 81 



Edit Keys (3.3.6) 



SETUP 



ESC 



BACK 
SPACE 




Special Operation Keys (3.3.9) 



Tranmission Keys (3.3.7) 
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DEL 
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Numbers in parentheses are paragraphs which detail the 
Key(s) Operations. 



Figure 3-1. Morrow Terminal Keyboard Functions 
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3.6.3 Tab Control 

The Morrow Terminal supports two types of tab operations: Modulo tabs 
and Protected Field tabs. The tab and back-tab commands are detailed 
in Tables 3-1 and 3-2. The type of tab performed depends upon whether 
Protect Mode is set or reset. When Protect Mode is set, the Tab command 
will cause the cursor to advance to the beginning of the next 
unprotected field. If no protected fields are encountered by the end 
of the display, the cursor moves home, or to the first unprotected 
position if home is protected. When Protect Mode is reset the cursor 
will advance or backspace by eight character positions (Modulo 8 tab) 
for each command received. 

3.6.M Scrolling 




3.7 DISPLAY FORMATTING OPERATIONS 

The Morrow Terminal may have various attributes and fields used to 
highlight data on the display. The visual and field attributes used 
for display formatting are discussed in the paragraphs that follow. 

3.7.1 Visual Attributes 

There are four Visual Attributes that can be assigned to any character 
on display. They include: Blink, Underline, Reversed, and Reduced 
Intensity. The attribute that will be used is assigned singularly or 
in combination through a set-up function selection. When the "Set 
Write Protect" command is received all subsequent data entered will 
appear with the selected attribute. If Protect Mode is not set, the 
data is not treated uniquely; it may be overwritten and erased or 
cleared by all associated commands. If Protect Mode is set, the data 
is treated as protected. 

3.7.2 Field Attributes 

When the "Set Write Protect" command is received all subsequent data 
takes on the visual attribute as noted in paragraph 3.6.1 , until a Reset 
Write Protect is issued. By setting Protect Mode, the write protected 
data is treated as reserved, or protected. This will allow the 
commands that specify "Unprotected Only" to be used to improve 
throughput characteristics. In block sends, the protected data will 
not be sent during "Send Unprotected Only" commands for line or page. 
During Edit operations the Erase or Clear Unprotected Only commands 
will leave the protected data on the display. Insert and Delete 
operations will terminate upon encountering a protected field. 
Scrolling is also disabled when Protect Mode is set. 
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3.8 SET-UP MODE OPERATIONS 

The general operating characteristics of the Morrow Terminal are 
controlled by ten 4-bit "nibbles" of information that is displayed on 
the 25th line of the display, when Set-Up Mode is entered. Both the 
operator and computer have the ability to change the functions 
selectable in Set-Up Mode. Selections may be saved in non-volatile 
memory to re-establish the same functions on the next power-on cycle or 
terminal reset operation. The operation of Set-Up Mode is fully 
described in paragraph 2.5.2. 

3.9 PRINT OPERATIONS 

The Auxiliary Port of the Morrow Terminal is most typically connected 
to a serial RO printer. The communications of data to the auxiliary 
device is uni-directional via an RS-232C interface. A Busy/Ready 
signal level is monitored for status during print operations. The 
Auxiliary Port may be enabled or disabled through a function setting in 
Set-Up Mode. The three types of print output are: Page Print, 
Auxiliary Port with Display, and Auxiliary Port without Display, 
details as follows: 

3.9.1 Page Print 

Upon receipt of a Print Page command the Morrow Terminal will transmit 
data from home up to the cursor position to the auxiliary device. The 
command may either specify to send all data, or, send the unprotected 
data normally but the protected data as spaces. This is useful when 
using a formatted screen being output to a pre-printed form. The 
Print Page commands can be generated from the computer or keyboard. 
Each print line output is followed by a CR and LF (OD and DA Hex) in the 
data stream. 

3.9.2 Auxiliary Port With Display 

Auxiliary Port with display is enabled or disabled by entering a 
command from the keyboard or by receiving the ESCape sequence from the 
computer. When using this method of transmission the terminal will 
display and act upon all received data as well as transmitting the data 
out the Auxiliary Port to the printer. When operating in Conversation 
Mode Half-Duplex keyboard entries are also output to the printer. 

3.9.3 Auxiliary Port Without Display 

Auxiliary Port without display is enabled or disabled by entering 
command from the keyboard or by receiving command from the computer. 
When operating in this mode, the terminal will not display received 
data, however, the terminal will transmit the received data out the 
Auxiliary Port to the printer. No commands except the reset Auxiliary 
Port with/without display are acted upon. 
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3.10 POWER-ON RESET 

A Power-On Reset consists of a complete recycling of the Morrow 
Terminal functions, including power. This is accomplished by setting 
the ON/OFF switch to OFF , waiting 10 seconds , then setting the switch to 
ON. All display and other volatile memory is erased when powering 
down . Upon power up , the unit is subject to the complete Power Turn-On 
procedure specified in Section II. 

3.11 SELF-TEST 

When the Morrow Terminal is reset the terminal Self-Test will be 
executed. Self-Test will verify the integrity of the display memory, 
the program memory, non-volatile memory and the associated internal 
control logic. Upon completion of Self-Test the terminal will sound 
the audible alarm and the cursor will appear in the upper left corner of 
the screen. 
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SECTION IV 
THEORY OF OPERATION 



4.1 GENERAL DESCRIPTION 

This section contains theory of operation 
information for the MDT 20 Video Display 
Terminal. 

4.2 FUNCTIONAL DESCRIPTION 

The MDT 20 is a microprocessor-based video 
display terminal which communicates with a 
host computer. The terminal allows the user 
to do limited text processing at the display 
area. 

The MDT 20 is composed of a monitor 
assembly, power supply, and an electronic 
keyboard circuit board-keyboard assembly. A 
microcomputer (MPU), video logic and 
control, and keyboard logic are included in 
the electronic circuit board. 

There are six functional sections in the MDT 
20 plus the monitor and power supply. 
Section 6 contains the theory of operation 
for the monitor and for the power supply. 
Listed below are the six functional sections: 

1. CPU - contains the system clock, Z8 
MPU, system timing control logic, and 
address decoders. 

2. External interface - contains interface 
logic for the MODEM port, CURRENT 
LOOP port, and AUXILIARY port. 

3. Keyboard - contains keyboard matrix 
and keyboard timing logic. 

4. Memory - contains 4K of system ROM, 
2K of system RAM, and an EPROM for 



storing set-up information. 



5, Video display - contains display RAM, 
CRT control, and character generation 
logic. 

4.3 THEORY OF OPERATION 

4.3.1 Introduction 

This section provides a functional description 
of the MDT 20 circuitry. The logical 
functions are first described at the system 
level, then individual circuit descriptions 
using detailed block diagrams are presented. 

4.3.2 System Functional Description 

The MDT 20 functional block diagram is 
shown in figure 4-1. 

Data to be displayed on the CRT is either 
entered from the keyboard or sent to the 
terminal from the host computer. 

If data is entered from the keyboard, it is 
placed on the Data Bus (DB0-DB7), and sent 
to the CPU section. From the CPU section, the 
data is sent to the Video section over the RAM 
Data Bus (RD0-RD7) where it is written into 
Display RAM. 

The CPU section causes the contents of the 
Display RAM to be periodically displayed on 
the screen. 

Data sent to the MDT 20 from the host 
computer is routed from the External 
Interface section to the CPU section. The data 
is displayed on the CRT in the same manner 
as if it were entered from the keyboard. 
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The MDT 20 transmits data by retrieving the 

j_j._ r j-V- T\: 1 -riAiiir J j_: ;ii_ 

uixiiA irum iim uisyiay ivnivi anu ruuunt$ ii lu 

the CPU section over the RAM Data Bus 
(Block Mode). From the CPU section, the data 
is sent to the External Interface section where 
it is output from one of the interface ports. 

CPU Section 

The CPU section contains the 8085 MPU and 
associated address logic, as well as the two- 
phase (02) clock. The CPU section performs 
all the addressing and logic functions of the 
MDT 20 . The CPU section also contains 
circuitry for address decoding. 

External Interface Section 

The External Interface section contains the 
circuitry to interface the MDT 20 with RS- 
232-C point-to-point signals, 20mA current 
loop signals, and modem logic. Logic for an 
RS-232-C auxiliary port, allowing an 
asynchronous serial RO printer to be used 
with the MDT 20, is also included. 

Keyboard Section 

The keyboard section contains the logic 
necessary to interface the keyboard with the 
MDT 20. This includes the 96 key switches in 
the keyboard matrix and an MM57499 SKI 
for strobing the keyboard matrix and 
transmitting serial data to the Keyboard 
interface circuitry. 

System Memory Section 

The Memory section of a standard MDT 20 
contains 4K of Read Only Memory (ROM), 2K 
of Random Access Memory (RAM), and 64 
nibbles (256 bits) of Electrically Alterable 
Programmable Read Only Memory 
(EAPROM). The 4K of ROM contains 
program which allow the MDT 20 to perform 
its various functions. The 2K of RAM is used 
as system scratchpad memory and as a 
receive and transmit buffer. The 64 nibbles of 
EAPROM are determined by the user in the 
system set-up. 

Video Section 

The Video section contains the display logic 
needed to drive the Cathode Ray Tube (CRT). 



This block also contains 2K of Display RAM 
and the character generation circuits, as well 
as the Video logic and monitor. 



4.4 CPU SECTION 

A block diagram of the CPU section is shown 
in figure 4-2. 



4.4.1 CPU Section Overview 

The CPU section contains logic to produce the 
timing signals and control all data operations 
in the MDT 20. 

Timing signals for the MDT 20 are produced 
by the 02 clock. This signal is used to control 
the 8085 MPU and other data transfer 
operations in the MDT 20. 

The MPU receives data on the Data Bus (DBO- 
DB7) and performs data manipulation 
operations whose results are output on ADO- 
AD? and AD8-AD15. 

AD0-AD7 are used for addresses or data 
depending on the current T state (T states are 
discussed later). Thus, AD0-AD7 are placed 
on the Address Bus (AB0-AB7) or the Data 
Bus (DB0-DB7). 

A8-A15 are placed on the Address Bus (AD8- 
AB15). 

The Address Bus (AB0-AB15) is used 
throughout the MDT 20 (System RAM, 
ROM, EAPROM, etc.) to address memory 
reads and writes. 

The Data Bus (DB0-DB7) is used for passing 
data between the 8085 MPU and the rest of 
the system (System RAM, ROM, CTRC, etc.). 



Not* 

See Appendix A for a list of 
mnemonics used throughout the 
MDT 20. 
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Figure 4-2. CPU Section Detailed Block Diagram 
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4.4.2 8085 MPU A26 (Schematic P1) 

The MDT 20 incorporates an 8085 MPU to 
control all addressing and data functions. 

A block diagram of the 8085 MPU is 
contained in figure 4-3. 

Clock signals XI and X2 provide the timing 
for the MPU. XI and X2 are attached to a 
quartz crystal which oscillates at 6.144 MHz. 
These two signals are divided by 2 to produce 
the 3.072 MHz timing signal that is used 
internally by the MPU. 

AD0-AD7 are used for addresses or data 
depending on the current T state (see figure 
4-4 for an explanation of T states). During 
the first clock cycle (T state) of a machine 
cycle, AD0-AD7 contain the 8 least 
significant bits (LSB) of the memory or I/O 
addresses. These 8 bits are output signals that 
are clocked through the Address Bus Latch 
A27 and onto the Address Bus (ABO— AB7). 

During the second and third clock cycles (T 
states) of a machine cycle, AD0-AD7 contain 
8 bits of data that are being sent to or received 
from the Data Bus (DB0-DB7). The Data Bus 
Buffer A19 is the interface between the 8085 
MPU and the Data Bus. The 8085 MPU sends 
data to the Video section, the modem port, 
and auxiliary port, or the CRTC depending on 
the current operation. The MPU receives data 
from the keyboard which is sent to the Video 
section to be displayed on the CRT. 

A8-A15 are output signals that contain the 8 
most significant bits (MSB) of a memory or 
I/O address. A8-A15 are passed through the 
Address Bus Buffer A28 to the Address Bus 
(AB8-AB15). The Address Bus (AB0-ABl5)is 
sent to the Memory section, Video section, 
and External Interface section. 

The following status and enable signals are 
received or transmitted by the 8085 MPU. 



RSTIN (RESET IN) is the signal that 
produces the initial reset during system 
power up. During normal operations, RESET 
IN is high, but when it goes low at power up 



time, the following occurs: 

1. The program counter (P.C.) is set to zero. 

2. The interrupt enable flip-flop is reset. 

3. The data bus, address bus, and control 
lines are set to their high impedance 
states. 

4. The MPU sends the RESET OUT signal 
to the rest of the MDT 20 for 
initialization purposes. 

Three input signals (RST 5.5, RST 6.5, and 
RST 7.5) are RESTART signals that are 
received from the keyboard, auxiliary, and 
modem (EIA) USARTs, respectively. 

When RST 5.5 goes high, it indicates that a 
key in the keyboard matrix has been 
depressed. This causes an internal RESTART 
to occur at address 2C (hex) in the MPU. Prior 
to going to address 2(r (hex) the contents of 
the P.C. are pushed onto the stack. RST 5.5 
has the lowest priority of the three RESTART 
signals. 

When RST 6.5 goes high, it indicates that the 
printer is busy. The contents of the P.C. are 
pushed onto the stack and an internal 
RESTART occurs at address 34 (hex) in the 
MPU. RST 6.5 has a higher priority than RST 
5.5. 

When RST 7,5 goes high, it indicates that the 
modem USART has data that is ready to be 
fetched by the MPU. The contents of the P.C. 
are pushed onto the stack and an internal 
RESTART occurs at address 3C (hex) in the 
MPU. This signal has a higher priority than 
RST 6.5 or RST 5.5. 

VCC provides a +5 volts power supply to the 
MPU. 

READY is an input signal which, when high 
during a read or write cycle, indicates that the 
memory or I/O device is ready to send or 
receive data. When READY is low during a 
read or write cycle, the MPU waits an integral 
number of clock cycles for READY to be set 
high before completing the read or write cycle. 
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One machine cycle has three T states. During the first T state (Tl), Address Data lines 
(AD0-AD7) contain address bits which are placed on the Address Bus (AB0-AB7). 
During the second and third T states (T2 and T3), Address Data lines (AD0-AD7) 
contain data bits which are placed on the Data Bus (DB0-DB7). 



Figure 4-4. T States 



READY is a product of the RAMSL (RAM 
SELECT), 02 (phase two) clock, and HSYNC 
(HORIZO NTAL S YNCHRONIZE) signals. 
02 clocks R AMSL th rough D flip-flop A35. 
When both RAMSL and HSYNC are high, 
READY is high; otherwise READY is low. 
This means that a memory or I/O read or 
write may occur during horizontal retrace 
time (see Section 4.8). 

ALE is an output signal that goes high during 
every Tl state and is low during T2 and T3 
states. ALE is used to clock AD0-AD7 through 
the Address Bus Latch A27 and onto the 
Address Bus AB0-AB7. 



lO/M (INPUT-OUTPUT/MEMORY) is an 
output signal that indicates whether a read or 



write is to be to or from I/O or memory. When 
lO/M is high, the MPU is reading from or 
writing to I/O. When low, the MPU is reading 
from or writing to memory. 



RD (READ) is an output signal which, when 
low indicates that the data in the selected 
memory or I/O device is to be read to the Data 
Bus. 



WR (WRITE) is an output signal which, when 
low, indicates that the data on the Data Bus is 
to be written into the selected memory or I/O 
location. All data is set up at the trailing edge 
of this signal. 

lO/Mi RD, and WR are sent to the 2-to-4 
decoders A41 to determine the type of device 
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(I/O or memory) and the type of operation 
(read or write) that is to be performed. 

CLK (CLOCK) is an output signal that is used 
as the phase two (02) clocking signal. This 
signal is sent to the CRT Controller (CRTC) in 
order to enable the timing between the CRTC 
and the MPU. CLK oscillates at 3.072 MHz 
(the internal clocking signal for the MPU). 

RST (RESET OUT) goes high to indicate that 
the MPU is being reset. RST must be held 
high for 3 clock cycles (1 machine cycle) in 
order for the MPU to reset the rest of the MDT 
20 system. 

4.4.3 Data and Address Driver A27, 
A28, A19 (Schematic P1) 

The Address Bus Buffer A28 and Address Bus 
Latch A27 pass addresses from the MPU 
(AD0-AD7, A8-A15) to the Address Bus ( ABO- 
AB15). Addresses are passed through the 
buffer and latch only during Tl states of each 
machine cycle. 

The 8 most significant bits are passed 
through the Address Bus Buffer from A8-A15 
to AB8-AB15. The enabling signals (G) are 
always held low. 

The 8 least significant bits are clocked 
through the Address Bus Latch from ADO- 
AD? to AB0-AB15. The enabling signal (G) is 
always held low. The clocking signal (CLK) 
goes high during every Tl state causing ADO- 
AD? to be passed to AD7. 

The Data Bus Buffer A19 passes data 
between the MPU (AD0-AD7) and the Data 
Bus (DBO— DB7). The MPU clocks data to or 
from the Data Bus. 

DIR determines the direction in which the 
data flows. When DIR goes low, data is read 
from a memory or I/O device to the MPU. 
When DIR goes high, data is written firom the 
MPU to a memory or I/O device. 

G is the enable signal for the Data Bus Buffer. 
G goes low during T2 and T3 states of every 



machine cycle to enable the chip for reads or 
writes. 

4.4.4 Control and Decoder A41, A42 
(Schematic P1) 

Two 2-to-4 decoders A41 produce the signals 
that enable memory and I/O device reads and 
writ e s. The tw o decoders use input signals 
WR WRIT E. lO/M (INPUT- OUTPUT/ 
MEMORY) and AB5-AB6 (Address Bus) from 
the MPU to produce the following output 
signals. 

MEMW (MEMORY WRlTt) goes low when 
WR and 10/ M are both low. This indicates 
that the data from the MPU is to be written 
into memory at the location specified by the 
Address Bus. 



MEMR (MEMOjrvi 



,,.^.,... V"."—"- READ) goes low when 
WR is high and lO/M is low. This indicates 
that the data from the specified memory 
location is to be placed on the Data Bus and 
read by the MPU. 



lOW (INPUT/OUTPUT WRITE) goes low 
when WR is low and lO/M is high. This 
indicates that the data from the MPU is to be 
written to the specified I/O device. 



lOR (INPUT/OUTPUT READ) goes low 
when both WR and lO/M are high. This 
indicates that the data from the specified I/O 
device is to be placed on the Data Bus and 
read by the MPU. 

When low is low the second 2-to-4 decoder 
A41 is enabled. The signals AB5 and AB6 are 
used to produce the following output signals. 

OUTO goes low when both AB5 and AB6 are 
low. This signal is used in conjunction with 
the phase two (02) clock to clock attributes 
from the Data Bus to the Video section. 

OUTl goes low when AB5 is high and AB6 is 
low. This causes the bell to sound. 

0UT2 goes low when AB5 is high and AB6 is 
high, "niis signal is used in conjunction with 
the phase two (02) clock to set the baud ralji 
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OUT3joes low when both AB5 and AB6 are 
high, inis causes a S'lUKE function to the 
EAPROM to be executed. 

One 3-to-8 decoder A42 is used to control the 
chip_enable signals for the MDT 20. When 
lO/M is high and both ABU and AB15 are 
low, this decoder is enabled. The input signals 
AB11-AB13 are decoded to produce the chip 
enable signals. The enabling address map is 
shown in figure 4-5. An explanation of the 
output signals follows. Note that '$' precedes 
the addresses to indicate that they are hex 
addresses. 



YO and Yl produce ROM ($0000 and $0800) 
which enables the program ROM. 



Y2 produces MEM ($1000) which enables the 
system RAM. 



Y3 produces CRTC ($1800) which enables the 
CRT Controller. 



Y4 produces RAMSL ($2000) which enables 
the Display RAM. 



Y5 produces #50/#6 HERTZ ($ 2800) which is 
gated with MEMR t o produce HZ CAP LK 
EN. HZ CAP LK EN is used to determine the 
vertical frame rate (60 HZ operations are 
employed in the MDT 20) and determine 
whether the CAP LOCK button is depressed. 

Y6" produces CS ($3000) which enables the 
EAPROM. 



Y7 produces AR ($3800) which causes data to 
be written from the EAPROM to RAM. 





ADDRESS 


BUS 


LINES 






BASE ADDRESS 
(HEX) 


SIGNAL/CHIP 
ENABLED 


15 


14 


13 


12 


11 


10 


9 


8 
































1 

1 
1 
1 





1 

1 





1 
1 



1 


1 



1 


1 


X 

X 
X 

X 

X 
X 
X 
X 


X 
X 

X 

X 

X 
X 
X 
X 


X 
X 
X 

X 

X 
X 
X 
X 


0000 

0800 

1000 

1800 
1801 

2000 

2800 

3000 

3800 


ROM 
ROM 
Scratchpad MEM 


CRTC load address 
CRTC load data 


RAMSL display RAM 


HZ CAP LK EN 
CS to EAPROM 
AR to EAPROM 



Figure 4-5. Enabling Address Map 
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4.5 EXTERNAL INTERFACE 
SECTION 

A block diagram of the External Interface 
section is shown in figiire 4-6. 

4.5.1 External Interface Section 
Overview 

The External Interface section controls the 
transfer of data between the MDT 20 and the 
host computer (modem) or serial printer. 

Data to be transferred from the MDT 20 
through the two external interface ports is 
routed from the MPU (over the Data Bus) to 
the appropriate USART and then to the 
modem or printer port over TXD. 

received serially on the Modem USART over 
line RXD. The Modem USART sends the data 
over the Data Bus to the MPU. 

4.5.2 Modem 8251 USART A14 
(Sciiematic P2) 

The Modem 8251 USART provides the control 
necessary for passing data between the MPU 
and a host computer. Interfacing through the 
modem port, the Modem USART receives 
data from the external device over the RXD 
(Received External Data) line and transmits 
data to the device over the TXD (Transmit 
External Data) line. Data is passed between 
the Modem USART and the MPU over the 
Data Bus. 

The input and output signals for the Modem 
USART are descibed below. 

D0-D7 (Data Bus) pass data between the 
Modem USART and the MPU. When 
receiving, serial data is taken from RXD and 
placed in the RECEIVE register of the 
USART. When the register is filled, the data is 
clocked out in parallel over D0-D7 to the MPU. 
When transmitting, data in parallel is taken 
from D0-D7 and placed in the TRANSMIT 
register of the USART. The data is then 
clocked out serially over TXD. 



C/D (CONTROL/DATA) determines the 
type of data that the Data Bus contains. 
When C/D is high, the Data Bus contains 
control or status information. When C/D is 
low, the Data Bus contains data. This signal 
is used in conjunction with RD, WR, and CS. 
C/D goes high only during initial set-up. 

CS (CHIP SELECT) goes low to enable the 
Modem USART. This signal is used_in 
conjunction with RD, WR, and C/D. CS is 
received over AB2 from the CPU section. 

RXRDY (Receive External Data Ready) goes 
high to indicates that the Modem USART 
contains data in its RECEIVE register and is 
ready for this data to be fetched by the MPU. 
This signal is received by the MPU as INTl. 



fXC (TRA N SMIT C LOCK) and RXC 
(RECEIVED CLOCK) are the clocking 
frequencies for transmitting and receiving 
data. These signals will vary with the baud 
rate that is received from the Baud Rate 
Generator All. Note that data is transmitted 
and received at the same baud rate. ^ 

TXD (TRANSMIT DATA) passes the 
character bit pattern from the TRANSMIT 
register to modem port pin 2. The data are 
clocked on the falling edge of the TXC signal. 

RTS (READY TO SEND) is an output signal 
which is sent to the modem port. When low, 
RTS indicates that the Modem USART is 
ready to send data to the host computer. 



DTR (DATA TERMINAL READY) is an 
output signal which is sent to the modem port. 
DTR is set to a low level to indicate to the host 
computer that the Modem USART is ready to 
receive data. 

RXD (RECEIVE DATA) clocks the character 
bit pattern from modem port pin 3 to the 
RECEIVE register. The data are clocked on 
the leading edge of the RXC signal. 



CTS (CLEAR TO SEND) is an input signal 
which is received from the modem port. When 
this signal is low, it enables the Modem 
USART for transmitting data to the horf 
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Figure 4-6. External Interface Section Block Diagram 
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computer. If this signal is reset to a high level 
during the transmission of a character, the 
Modem USART will finish the transmission 
of the character before halting transmisison. 



DSR (DATA SET READY) is an input signal 
which, when low, indicates that the data set 
(modem) is powered up. 



RD (READ) is an input signal which is 
received over line lOR from the CPU section. 
When RD goes low, it indicates that the MPU 
is ready to read data from the Modem USART 
over the Data Bus. 

WR (WRITE) is an i nput signal which is 
received over line lOW from the CPU section. 
When WR goes low, it indicates that the MPU 
is ready to write data to the Modem USART 
over the Data Bus. 

CLK (CLOCK) is the input clocking signal 
that is used to generate the Modem USART's 
internal timing. This signal is connected to 
the phase two (02) clock signal that is 
produced by the MPU. CLK oscillates at 3.072 
MHz. 

RST (RESET) is the input signal which, when 
high, causes the Modem USART to wait for a 
new set of control words to be written in by the 
MPU. RST is connected to the RESET OUT 
signal that is produced by the MPU. RST 
must be held high for six clock cycles in order 
to perform a reset. 

Data Transmission 

The MDT 20 transmits data to the modem 
port in the following sequence of signals. 

The MPU sends signals to the Modem 
USART which cause WR, C/15, and CS to go 
low, RD to go high, and 02 to oscillate at 3.072 
MHz The character bit pattern is clocked in 
parallel from the Data Bus to the TRANSMIT 
register. The RTS signal goes low and is 
inverted before being received at modem port 
pin 4. When the host computer is ready to 
have the data transmitted, it sends a high 
signal over CTS (pin 5) which is inverted and 
received by the Modem USART as CTS. The 
Modem USART then serially clocks out the 
character bit pattern over TXD. 



TXD may be sent to the modem port with 
20mA current loop operation or RS-232-C 
signal. If RS-232-C is being used, then line 1 
on tri-state node A6 is set low, TXD is 
inverted, and received at the modem port on 
pin 2. If the current loop operation is in use, 
then TDX is inverted, line 13 on tri-state node 
A6 is set low, and TXD is sent to the Optical 
Coupler A14. The Optical Coupler transforms 
TXD from TTL (Transistor to Transistor 
Logic) to current loop. Inside the Optical 
Coupler, a diode flashes light particles on a 
transistor which produces a signal that is 
sent to a bridge rectifier. The current loop 
signal is sent to the modem port pins 24 and 
17. 

Data Reception 

The MDT 20 receives data from the modem 
port in the following sequence of signals. 

When the Modem USART is read y to receive 
data from the modem port, DTR is sent out 
low, inverted, and sent to pin 20 of the modem 
port. The Modem USART then receives dajf 
from the host computer over RXD. " 

RXD may be received with 20mA current loop 
operation or RS-232-C signal. If RS-232-C is 
being used, then data is received at pin 3 of the 
modem port, inverted, and passed through 
the tri-state node A6. Line 4 of the tri-state 
node goes low for RS-232-C signals. If the 
current loop operation is in use, then data is 
received at pins 23 and 25 of the modem port. 
The input signal is sent through a bridge 
rectifier and Optical Coupler A5 to transform 
the signal from current loop to TTL. The 
signal is inverted and passed through tri- 
state node A6. This tri-state node is enabled 
for current loop operation when line 10 is low. 
In either mode of operation, the data is 
serially received by the Modem USART on 
RXD. 

The RXD character bit pattern is written into 
the RECEIVE register. When the RECEIVE 
register is filled, the Modem USART sets 
RXRDY high which is sent as INTl to the 
MPU. This informs the MPU that the Modem 
USART has received a character. I n or der to 
read the character, the MPU sets RD, C/f 
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and CS low, and WR high. 02 oscillates at 
3.072 MHz to clock the character out over the 
Data Bus. 



4.5.3 Auxiliary 8251 
(Schematic P2) 



USART A13 



The Auxiliary 8251 USART provides the 
control necessary for passing data from the 
MPU to an RO (Receive Only) serial printer or 
other RO device. Data is received from the 
MPU over the Data Bus and is sent from the 
Auxiliary USART to the printer port over 
TXD. 

Notice that the Auxiliary USART operates in 
a similar fashion to the Modem USART. 

The input and output signals for the 
Auxiliary USART are described below. 

D0-D7 (Data Bus) pass data from the MPU to 
the Auxiliary USART. When transmitting, 
data in parallel is taken from D0-D7 and 
placed in the TRANSMIT register. The data 
is then clocked serially of TXD. 



C/D (CONTROL/DATA) determines the 
type of d^ta that the Data Bus contains. 
When C/D is high, the Data Bus contains 
control or status information. When C/D is 
low, the Data Bus contains dat a. This signal 
is used in conjunction with WR and CS. C/D 
goes high only during initial set-up. 



CS (CHIP SELECT) goes low to enable the 
Auxiliary USART. This signal_js received 
over AB3 from th e CP U section. CS is used in 
conjunction with WR and C/D. 

RXRDY (RECEIVE EXTERNAL DATA 
READY) goes high to indicate that the printer 
buffer is full. RDRDY is sent to the MPU as 
INT2. 

TXC (TRANSMIT CLOCK) and RXC 
(RECEIVE CLOCK) are the clocking 
frequencies for transmitting and receiving 
data. These signals will vary with the baud 
rate that is received from the Baud Rate 
Generator All. 



TXD (TRANSMIT DATA) passes the 
character bit pattern from the TRANSMIT 
register to printer port pin 3. The data are 
clocked on the falling edge of the TXC signal. 



RTS (READY TO SEND) is an output signal 
which is sent to the printer port. When low, 
RTS indicates that the Auxiliary USART is 
ready to send data to the printer. 



DTR (DATA TERMINAL READY) is an 
outpu t signal which is sent to the printer porL 
DTR is held high to indicate that the 
Auxiliary USART does not receive data. 



RXD (REC EIVE DATA) and CTS (CLEAR 
TO SEN D) a re not used by the Auxiliary 
USART. RD (READ) is held high. 



DSR (DATA SET READY) is an input signal 
which, when low, indicates that the data set 
(printer) is ready to receive data from the 
Auxiliary USART. When high, DSR indicates 
a busy condition (i.e., the printer buffer is 
full). 



WR (WRITE) is an i nput signal which is 
receiv ed o ver line lOW from the CPU section. 
When WR goes low, it indicates that the MPU 
is ready to write data to the Auxiliary USART 
over the Data Bus. 

CLK (CLOCK) is the input clocking signal 
that is used to generate the Auxiliary 
USART's internal timing. This signal is 
connected to the phase two (02) clock signal 
that is produced by the MPU. CLK oscillates 
at 3.072 MHz. 

RST (RESET) is the input signal which, when 
high, causes the Auxiliary USART to wait for 
a new set of control words to be written in by 
the MPU. RST is connected to the RESET 
OUT signal that is produced by the MPU. 
RST must be held high for six clock cycles in 
order to perform a reset. 



Data Transmission 

The MDT 20 transmits data to the printer 
port in the following sequence of signals. 
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The MPU sends signals tojhe Auxiliary 
USART which causes WR, C/D, and CS to go 
low and 02 to oscillate at 3.072 MHz. The 
character bit pattern is clocked in parallel 
from the Data Bus to the TRANSMIT 
register. The RTS signal goes low and is 
inverted before being received at printer port 
pin 8. When the printer is ready to have the 
data transmitted, it sends a high signal from 
pin 20 which is inver ted a nd rece ived by the 
Auxiliary USART as DSR If DSRis high, the 
printer buffer is full and the Auxiliary 
USART sends INT2 high to the MPU. The 
MPU must wait until INT2 goes low before 
sending more data to the Auxiliary USART. 
The character bit pattern that the MPU sends 
to the TRANSMIT register is serially clocked 
out over TXD. TXD is inverted and sent to 
printer port pin 3 as an RS-232-C signal. 

4.5.4 Baud Rate Generator All 
(Schematic P2) 

The MDT 20 uses a TECO-01 circuit as a 
Baud Rate Generator. The baud rates for the 
modem and printer are determined by the 
user during system set-up. The following 
baud rates are available: 75, 110. 150, 300, 450, 
600, 900, 1200, 1800, 2400, 3600, 4800, 7200, 
9600, and 19200. 

The input and output signals for the Baud 
Rate Generator are described below. 

STB (SET BAUD) is an input signal that is 
received from the CPU section. When STB 
goes high, the bit patterns on signals A1-A4 
and B1-B4 are latched onto the Baud Rate 
Generator's internal data latch. 

A1-A4 are input signals that are received 
from the CPU section on DBO-DBS. These 
signals are used as inputs for the internal 16- 
to-1 line data selector/multiplexer. The signal 
that is produced is sent to output signal TA. 

B1-B4 are input signals that are received from 
the CPU section on DB4-DB7. These signals 
are used as inputs for the internal 16-to-l line 
data selector/multiplexer. The signal that is 
produced is sent to output signal TB. 



The values that are received on A1-A4 and Bl- 
B4 are determined by the user during system 
set-up. 

TA is an output signal that is sent to the 
Modem USART. TA provides the baud rate 
for modem operations. Notice that the Modem 
USART is configured to receive and transmit 
data at the same baud rate. 

TB is an output signal that is sent to the 
Auxiliary USART. TB provides the baud rate 
for printer operations. 

FO is an output signal that is sent to the 
Keyboard USART. FO provides a constant 
baud rate of 1200 to the keyboard. 

XTl is the input clocking signal that is used to 
generate timing for the Baud Rate 
Gene rator's in ternal divide-by circuitry. XTl 
is the WCLKO clock signal that is prouuceu in 
the Video section. XTl oscillates at 1.8432 
MHz. 



4.6 KEYBOARD SECTION 

The Keyboard section contains the logic 
necessary to interface the keyboard with the 
MDT 20. A block diagram of the Keyboard 
section is shown in Hgure 4-7. 

4.6.1 Keyboard Section Overview 

The MM57499 (SKI) interfaces the Keyboard 
Matrix with the keyboard connector. Lines 
X0-X7 strobe the Keyboard Matrix. Lines YO- 
Yll check for high signals (this indicates a 
key that is depressed). The MM57499 sends 
the character bit pattern over serial data line 
TX OUT to the keyboard connector. 

The Keyboard 8251 USART interfaces the 
CPU section with the keyboard connector. 
Serial data is received by the Keyboard 
USART from the keyboard connector over 
line RXD. The data is transferred from the 
Keyboard USART to the CPU section by the 
Data Bus. 
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Figure 4-7. Keyboard Section Detailed Block Diagram 
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4.6.2 MM57499 SKI (Keyboard 
Schematic) 

The MM57499 SKI strobes and checks the 
Keyboard Matrix for keys that have been 
depressed by the user. The character bit 
pattern is serially transmitted to the 
keyboard connector over TX OUT. 

The input and output sig^nals for the SKI are 
described below. 

GND is the input signal that grounds the SKI. 

VCC provides a +5 volts input signal for the 
SKI. 

RXIN (RECEIVE) is not used in the MDT 20. 
This signal is pulled high. 

XTAL (pins 2 and 3) clock the SKI's onboard 
oscillator. These signals are connected to a 
quartz crystal which oscillates at 3.5795 MHz. 
Sixteen internal clocking signals are required 
to generate one interal clock (cycle time). 

RST (RESET) is used with an external RC 
network and diode. The SKI will be reset 
when this signal is held low for a minimum of 
10 microseconds. 

X0-X7 are output signals which are used to 
strobe the Keyboard Matrix. When a Une is set 
high, it is being strobed. Only one of these 
signals (X0-X7) may be set high at any given 
time. These signals are used in conjunction 
with YO-YU. 

YO-Yll are input signals which are used to 
detect key closures in the Keyboard Matrix. 
Only one of these signals (YO-Yll) may be 
high at any given time. In order to be 
recognized as a valid key closure, these 
signals must be held high for at least six 
XTAL clock times. If these signals are held 
high for one second, repeat is enabled at a rate 
of 15 characters per second (CPS). These 
signals are used in conjuction with X0-X7. 

TX OUT (TRANSMIT) is the output signal 
that sends the character bit pattern to the 
keyboard connector pin 4 as SO (SERIAL 



OUTPUT). TX OUT toggles with the 
outgoing data's bit pattern. The transmission 
sequence is as follows: 1 stop bit, 1 start bit, 8 
data bits, and 1 stop bit. The baud rate for the 
SKI is set at 1200. 

4.6.3 Keyboard Matrix (Keyboard 
Schematic) 

The Keyboard Matrix contains the 96 ADM 
22 switches which generate the codes for 
alphabetic, numeric, symbol, and control 
characters. X0-X7 are used for strobing the 
Keyboard Matrix. YO-Yll check the 
Keyboard Matrix for key closures. When CAP 
LOCK is selected, a high signal is sent to pin 1 
of the keyboard connector. From the 
keyboard connector, the CAP LOCK signal is 
sent to the MPU on DBl. 



4.6.4 Keyboard 



8251 
(Schematic P2) 



IICADT AiO 



Keyboard 8251 USART provides the control 
necessary for passing data from the keyboai# 
connector to the CPU section. Data is sent by 
the Keyboard USART to the MPU over the 
Data Bus. Serial data is received from the 
keyboard connector on RXD. 

In input and output signals for the Keyboard 
USART are descibed below. 

D0-D7 (Data Bus) pass data from the 
Keyboard USART to the MPU. When 
receiving, serial data is taken from RXD and 
placed in the RECEIVE register of the 
USART. When the register is filled, the data is 
clocked out in parallel over D0-D7 to the MPU. 



C/D (CONTROL/DATA) determines the 
type of data that the Data Bus contains. 
When C/D is high, the Data Bus contains 
control or status information. When C/D is 
low, the Data Bus contains data. This signal 
is used in conjunction with RD and CS. C/D 
goes high only during initial set-up. 



CS (CHIP SELECT) goes low to enable the 
Keyboard USART. This signaLis used in 
conjunction with RD and C/D. CS is received 
over AB4 from the CPU section. 
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TXC (TRANSMIT CLOCKS and RXC 
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frequencies for transmitting and receiving 
data. These signals are set at baud rate of 
1200 that is received from the Baud Rate 
Generator All. 

RXD (RECEIVE DATA) clocks the character 
bit pattern from keyboard connector pin 4 to 
the RECEIVE register. The data are clocked 
on the leading edge of the RXC signal. 

RXRDY (RECEIVE EXTERNAL DATA 
READY) goes high to indicate that the 
Keyboard USART contains data in its 
RECEIVE register and is ready for this data 
to be fetched by the MPU. This signal is 
received by the MPU as INT3. 



RD (READ) is an in put signal which is 
received over line lOR from the CPU section. 
When RD goes low, it indicates that MPU is 
ready to read data from the Keyboard USART 
over the Data Bus. 



WR (WRITE) is held high to inhibit writes to 
the Keyboard USART. 

CLK (CLOCK) is the input clocking signal 
that is used to generate the Keyboard 
USART's internal timing. This signal is 
connected to the phase two (02) clock signal 
that is produced by the MPU. CLK oscillates 
at 3.072 MHz. 

RST (RESET) is the input signal which, when 
high, causes the Keyboard USART to wait for 
a new set of control words to be written in by 
the MPU. RST is connected to the RESET 
OUT signal that is produced by the MPU. 
RST must be held high for six clock cycles in 
order to perform a reset. 

Data Reception 

The MDT 20 receives data from the keyboard 
connector in the following sequence of 
signals. 

The Keyboard USART receives serial data 
from keyboard connector pin 4 on RXD. When 
the RECEIVE register is filled, the Keyboard 
USART sets RXRDY high which is sent at 



INT3 to the MPU. This informs the MPU that 
the Keyboard USARi has received a 
character. Jn_order to read the character, the 
MPU sets RD, C/D, and C5"low. 02 oscillates 
at 3.072 MHz to clock the character out over 
the Data Bus. 



HZ CAP LK EN goes low on pin 13 of tri-state 
node A18 in order to pass the current value of 
CAP LOCK to the MPU over DBl. This signal 
also goes low on pin 10 of tri-state node Al8 if 
50 Hz operation is desired. 

4.7 SYSTEM MEMORY SECTION 

A block diagn^am of the Memory section is 
shown in figure 4-8. 

4.7.1 Memory Section Overview 

The Memory section contains the system 
scratchpad memory, MDT 20 control 
program, and system configuration 
information. 

The MPU reads data from the Memory 
section by selecting a memory chip with the 
chip select signals produced by the CPU 
section. The address of the memory location 
to be accessed is placed on the Address Bus 
(A0-A15). The data from memory is placed on 
the Data Bus (DB0-DB7) to be routed to the 
MPU. 

The MPU places data in the RAM by selecting 
the RAM chip and placing the address of the 
location where data is to be written on the 
Address Bus. Data is routed to the RAM from 
the MPU over the Data Bus. 

The MDT 20 places data in the EAPROM by 
selecting the EAPROM chip and writing 64 
nibbles (256 bits) of data from RAM to the 
EAPROM. Data is written to the EAPROM 
from RAM on the Data Bus when the user 
executes a SAVE command during system 
set-up. 

4.7.2 4K ROM A44 (Schematic P1) 

The 4K ROM contains the MDT confrol 
program and other related firmware. 
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Figure 4-8. System Memory Detailed Block Diagram 
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CE (CHIP ENABLE) goes low to enable the I/01-I/08 receive and transmit data that is 

Tir^Tur _--! _:j.t --3J ifinr\f\r\ — mnonn'- !__• rxx x- J £ TD ahjt rm t>_^ — 
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selected by the 3-to-8 decoder A42. ('$' is used Bus interfaces I/01-I/08 with the rest of the 
here to signify a hexadecimal address.) MDT 20. 

DE is the input signal which, when low, 
enables the ROM to be read by the MP U. The 
MPU sends MEMR (MEMORY READ) to the 
DE signal of the ROM. 

AO-All receive addresses from the Address 
Bus (ABO-ABll). The address specifies the 
memory location that is to be read. 

The Data Bus (DB0-DB7) is used for 
transferring the information from the ROM 
to the MPU. 

When the system ROM is enabled, the data 
from the address specified by AO-AIO is 
placed on the Data Bus and sent to the MPU. 

4.7.3 2K RAM A45 (Schematic P1) 

The 2K RAM is used for temporary data 
storage, scratchpad memory, input, and 
output data buyers. 



CS (CHIP SELECT) goes low to enable the 
RAM when address $1000 is selected by the 3- 
to-8 decoder A42. 



OE (OUTPUT ENABLE) is the input signal 
which, when low, enables the RAM to be read 
by the MPU. The C PU section sends MEMR 
(MEMORY READ) to the OE signal of the 
RAM. 



WE (WRITE ENABLE) is the input signal 
which, when low, enables the RAM to be 
writte n to by the MPU. The CP U section 
sends MEMW (MEMORY WRITE) to the WE 
signal of the RAM. 

Note 

At a ny given time, either OE or 
WE can be low, but both cannot 
have a low signal. 

AO-AlO receive addresses from the Address 
Bus (ABO-ABIO). The address specifies the 
memory location that is to be read from or 
written to. 



Data Reads 

Data is read from the system RAM to the 
MPU in the following way. 

The CPU section sets CS and OE low and sets 
WE high. The address that is to be read from 
is placed on the Address Bus and read by the 
RAM. The information from the specified 
address is placed on the Data Bus and sent to 
the MPU. 

Data Writes 

Data is written to the system RAM from the 
MPU in the following way. 

The CPU section sets CS and WE low and sets 
OE high. The address that is to be written to is 
placed on the Address Bus and is read by the 
RAM. The information on the Data Bus is 
written into the RAM at the specified address. 

4.7.4 X2210 Electrically Alterable 
' PROM A8 (Schematic P2) 

The Electrically Alterable PROM (EAPROM) 
stores information that is received from the 
lower order nibble of the Data Bus DB0-DB3). 
Thissdata provides information on attributes 
and system configuration that have been 
selected by the operator during system set-up. 

A0-A5 are the input signals that are used for 
addressing the 64 nibbles of EAPROM non- 
volatile memory. The address is received from 
the Address Bus (AB0-AB5). 

I/01-I/04 are used for data transfers to and 
from the EAPROM. These signals are 
attached to the lower order nibble of the Data 
Bus (DB0-DB3). 



WE (WRITE ENABLE) is the input signal 
which, when low, enables the RAM write 
mode. When high, this signal enables the 
RAM read mode. 
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STORE is the input signal which, when low, 
causes the following to occur: 

1. 64 nibbles of scratchpad memory (RAM) 
are loaded into the corresponding 256 bit 
locations of non-volatile EAPROM 
memory. 

2. WR and AR are inhibited, and 

3. I/01-I/04 are set to their high 
impedance state. 

STORE is inhibited du ring pow er-up and 
when AR is low. The STOR E sign al is 
produced by combining ABl and UT3 fro m 
the CPU sect ion in an OR gate. When 0UT3 is 
low, STORE is low. 

AR (ARRAY RECALL) is an input signal 
which, when low, causes the 256 bits of non- 
volatile data stored in the EAPROM to be 

-^_:^J l.^»1> i-^*r^ *Uo OKU Kif PAM ma-mnrv 
K^Kjyi^UL uay^A iaaww i.aac ^w ■./*« a^a^aTa * a*c*** v* j. 

This operation also inhibits the STORE - 
signal. AR goes low when address $3800 is 
selected by 5ie 3-to-8 decoder A42. 



CS (CHIP SELECT) goes low to enable the 
EAPROM when address $3000 is selected by 
the 3-to-8 decoder A42. 

4.8 VIDEO SECTION 

The Video section generates and controls the 
data that is displayed on the MDT 20 CRT 
monitor. A block diagram of the Video section 
is presented in figure 4-9. 

4.8.1 Video Section Overview 

The Video section consists of a CRT 
Controller, 2K of Display RAM, Display RAM 
Buffer, RAM Address Selector, Refresh Data 
Control, Character Generator, Parallel-to- 
Serial Converter, Video Clock Generation, 
Video Logic, and a CRT Monitor. 

Data used to control the operation of the CRT 
Controller is routed via the Data Bus. 

The CRT Controller converts the data to 
Memory Address bits (MAO-MAIO) and 
generates the signals HORIZONTAL 
SYNCHRONIZE (HSYNC), VERTICAL 



SYNCHONRIZE (VSYNC), DISPLAY 
ENABLE (DISP EN), and CURSOR, which 
are routed to the Video Logic. The Memory 
Address bits are used as address inputs to the 
Display RAM. Data from the Display RAM is 
either routed to the CPU section via the Data 
Bus (DB0-DB7) or sent to the Character 
Generator via the RAM Data Bus (RD0-RD7). 

The Character Generator retrieves the data 
needed to display the character on the CRT 
screen and sends it through a Parallel-to- 
Serial Converter before being sent to the 
Video Logic where it is conditioned to be 
displayed on the CRT Monitor. 

4.8.2 CRT Controller (6845 CTRC) 
A31 (Schematic P3) 

The CRT Controller is an MPU 
programmable device which contains logic 
necessary to generate timing signals and 
perform data formatting operations for the 
CRT Monitor. 

The CRT Controller contains 23 interfal, 
registers. These registers are used to hold 
such information as CRT Controller status 
and mode, characters per data row, data rows 
per frame, raster scans per row, raster scans 
per frame, cursor position, and address. The 
MPU places data in these registers by 
addressing one of the 23 internal registers 
using DB0-DB7 and selecting the CRT 
Controller using CTRC. 

Address bit ABO is used to access the internal 
registers in the CRT Controller. When ABO 
equals 0, register X is enable. When ABO 
equals 1, one of the registers R0-R17 is 
enabled. 

The functions of some of the internal registers 
are listed below. 

Register X is a write-only address register 
that is used as a pointer to direct data 
transfers to and from the MPU. 

RO (Horizontal Totals Register) is 
programmed to select how many character 
positions (character times) will occupy eaoi 
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Figure 4-9. Video Section Detailed Block Diagram 
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scan line. The frequency of HSYNC is 
determined by this write-only register. One 
hundred one character times (0-100) are 
programmed for each scan line. 

Rl (Horizontal Display Register) is 
programmed to select how many displayable 
characters will occupy each scan line. This 
write-only register is programmed to display 
80 character per line. 

R2 (Horizontal Sync Position) is a write-only 
register that is programmed to cause the 
horizontal sync pulse to occur at character 
time 85 on a scan line. 

R3 (Horizontal Sync Width) is a write-only 
register that is programmed to select the 
horizontal width. HSYNC width equals 15 
character clock times. 

R4 (Vertical Total) is a write-only register 
that is programmed to select the total number 
of character rows in a frame. 25 rows (0-24) are 
programmed. 

R5 (Vertical Total Adjust) is a write-only 
register that selects the number of additional 



scan lines (4) to complete an entire frame 
scan. 

R6 (Vertical Display) is a write-only register 
that selects the number of displayed 
character rows (24) in each frame. 

R7 (Vertical Sync Position) is a write-only 
register that selects the character row time 
(24) at which the VSYNC pulse will occur. 

R8 (Interlace Mode Control) is a write-only 
register that selects the operating modes of 
the CRTC. The display uses non-interlace 
mode. Updates will occur during horizontal 
and vertical blanking (retrace) times. See 
Table 4-1 for all available bit patteren of bits 
Oto 1. 

R9 (Scan Line) is a write-only register that 
selects the number of scan lines (12) each 
character row will have (spacing is included). 

RIO (Cursor Start) is a write-only register 
which selects the starting scan line for thr 
cursor and the cursor blink rate. See Table « 
1 for all available bit patterns for bits 5 and 6. 



Table 4-1. Operating and Cursor Modes' Bit Patterns 



REGISTER R8 




BIT1 


BITO 


OPERATING MODE 








NONINTERLACED/NORMAL SYNC 





1 


INTERLACED SYNC RASTER SCAN 


1 





NON-INTERLACED/NORMAL SYNC 


1 


1 


INTERLACED SYNC/VIDEO RASTER SCAN 


REGISTER RIO 




BIT6 


BIT 5 


CURSOR MODE 








NON-BLINKING 





1 


NO CURSOR 


1 





BLINK AT 1/16 FIELD RATE 


1 


1 


BLINK AT 1/32 FIELD RATE 
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REGISTER 
NUMBER 



RO 

R1 
R2 

R3 



STORED 
HEX 



DATA 
BINARY 



FUNCTION EVOKED 



64 

50 
55 
OF 



R4 


18 


R5 


04 


R6 


18 


R7 


18 


R8 


00 


R9 


OB 


RIO 


XX X 


R11 


XX X 



01100100 100+1 = 101 displayed/non-displayed characters 
(0-100) per horizontal line. 

01010000 80 displayable characters per horizontal line. 

01010010 82 horizontal sync positions on a horizontal line. 

00001 111 HS YNC width = 1 5 character clock time. 

0001 1000 24+1=25 character row (0-23) per frame. 

000001 100 4 additional scan lines (added to character rows 
per frame). 

0001 1000 24 displayable data rows per frame. 

0001 1000 VSYNC pulse will occur at the end of row 24. 

00000000 Display is non-interlaced. Updates occur during 
horizontal or vertical blanking (retrace) times. 

00001011 11+1 = 12 scan lines per character row. 

XXXXXXXX Defines cursor start scan lin and blink rate. 

XXXXXXXX Defines cursor end scan line. 



Rll (Cursor End) is a write-only register that 
selects the ending scan line for the cursor. 

Table 4-2 lists registers RO-Rll and their 
functions. A diagram of how a frame is 
scanned is shown in figure 4-10. 

The T2 signal from the video timing is the 
character timing clock input (CLK) and is 
used to control all count/control functions of 
the CRT Controller. T2 oscillates at 1.8432 
MHz. 

Reset signal RES, when set to zero (low), 
initializes all internal counters of the CRT 
Controller to zero. All scan and video signals 
are set to zero. When this signal is reset to 1 
(high), all scan times are initiated. 

The Phase Two (02) timing signal is used to 



trigger the transfer of data between the CRT 
Controller and the CPU. The 02 signal is 
negative edge triggered. 02 is attached to the 
E input of the CRTC and is used in 
conjunction with CRTC and MEMW to 
enable the CRTC. 

VCC provides +5 volts for the CRTC power 
supply. 



READ/WRITE signal R/W controls the 
direction of data transfer on the Data Bus 
(DB0-DB7). When R/W is high, data (e.g., the 
cursor position) from the CRT Controller is 
sent to the MPU. Data from the MPU_is 
written into the CRT Controll er when R/W is 
low. R/W is connected to the MEMW signal 
from the CPU section. 
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101 characters per horizontal line = 
80 displayable characters + 

6 character times between display and 
retrace + 

15 character times for horizontal retrace. 



233 scan lines per frame = 

216 displayed scan lines -•- 

1 scan line time between display and 
retrace + 

16 scan line times for vertical retrace. 



Figure 4-10. Frame Sean Diagram 
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CRTC supplies the chip select (CS) signal for 
the 6845 CTRC. When low, the MPU is 
writing into or reading from the CRTC. This 
signal is used in conjunction with the R/W 
and 02 signals. 

The Data Bus (D0-D7) is used for transferring 
data between the MPU and CRTC. 

The following output signals are transmitted 
by the CRT Controller. 

Memory Address bits MAO-MAlO are output 
on the MA Bus to the Display RAM Address 
Selector. These signals will address up to 16K 
of memory. The address is passed to the 
Display RAM via the RAM Address Bits 
(RAO-RAIO). 

Display Enable (DISP) is used to select video 
attributes. TTiis signal is high when the 
CRTC is generating active display 
information. 

The VSS and LPSTB signals are grounded. 

CURSOR ( CUDISP) is the Cursor Video 
signal and defines the cursor location in the 
CRT data field. This signal is high when the 
scan coincides with the programmed cursor 
position. The cursor position may be 
programmed to be any character position in 
the address field. Registers RlO and Rll are 
used to program the start and stop scan lines 
of the cursor. 

HORIZONTAL SYNCHRONIZE (HSYNC - 
19.2 KHz) and VERTICAL SYNCHRONIZE 
(VSYNC - 50 of 60 Hz) initiate the horizontal 
and vertical retrace of the CRT screen. The 
pulse width and time position of these signals 
are fully programmable. 

The Raster Counter outputs (RC0-RC3) 
provide row selection for the Character 
Generator. The number of scan lines per 
character and spacing between character 
rows are programmable. 



4.8.3 Display RAM Address Selector 
A29, A30, A43 (Schematic P3) 

The Display RAM Address Selector 
determines the address that is to be 
referenced in the Display RAM. The Address 
Selector receives address inputs from the 
CPU section via the Address Bus (ABO- ABIO) 
and from the CRTC via the Memory Address 
bits (AO-AIO). The selected address is passed 
to the Display RAM via the RAM Address bits 
(RAO-RAIO). 

G is the ground reference for the Address 
Selector. 

S determines whether the address is to be 
gotten from the CPU section (ABO-ABlO) or 
the CRTC (AO-AlO). When S is low, the 
address is retrieved from ABO-ABIO. This 
signal is attached to DISP EN from the 
CRTC. A high signal indicates that a valid 
refiresh of the screen is to take place. 

4.8.4 Refresh Data Control A20 
(Schematic P3) 

The Refresh Data Control controls the 
direction of data flow between the Display 
RAM and the CPU. 

The Display Enable signal (DISP EN) from 
the CRT Controller and the RAM Select 
signal (RAMSL) from the CPU section enable 
the flow of data through the Refresh Data 
Control Transceiver. DISP EN, RAMSL, and 
MEMW (from the CPU section) are gated 
(A37) to produce DIR which controls the 
direction of data flow in the Refresh Data 
Control Transceiver. When DIR is high, the 
Refresh Data Control Transceiver is enabled 
for reading data to the MPU. When DIR is 
low, the Refresh Data Control Transceiver is 
enabled for writing data from the MPU. 

When DIR is high, data flows on RAM Data 
Bus (RD0-RD7) from the Display RAM 
through the Refresh Data Control 
Transceiver and is output on the Data Bus 
(DB0-DB7) to the MPU. When DIR is low, 
data flows in the reverse direction from the 
Data Bus to the RAM Data Bus. 
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4.8.5 Display RAM A21 (Schematic 
P3) 

The Display RAM contains the 2K of data 
that is displayed on the CRT screen. 

The Display RAM is enabled by WE or OE". 

A data read or data write is spe cified for the 
Display R AM by WE and OE. If W E (WRITE 
ENABLE) is high and 0E (OUTPUT 
ENABLE) is low, data is read from the 
location specified by RAO-RAIO, placed on 
RD0-RD7 and routed to the RAM Buffer and 
the Refresh Data- Control. If WE is low and 
OE is high, data on RD0-RD7 (from the 
Refresh Data Control) is written in the 
Display RAM at th e location specified by 
RAO-RAIO. The WE signal is the same as the 
DIR signal of the Refresh Data Control. OE 
ana vvci inwrbeu. luUS, witcu one oiijiiai is 
low, the other signal is high. 



4.8.6 Display RAM 
(Schematic P3) 



Buffer A22 



The Display RAM Buffer is used to transfer 
data between the Display RAM, Character 
Generator, and Video Logic. 

Data from the Display RAM (RD0-RD7) is 
clocked through the Display RAM Buffer by 
the Video section clock and output on QI-Q8. 
Q1-Q3 and Q5-Q8 are tranferred to the 
Character Generator. Q4 is sent to the Video 
Logic. The Video section clock is attached to 
the CLK input and oscillates at 16.588 MHz. 

G is the input signal which, when low, 
enables the Display RAM Buffer. G is 
attached to WCLKO (WRITE CLOCK 0) 
which oscillates at 1.8432 MHz. 



4.8.7 Video Timing 
(Schematic P3) 



Generator 



Divide-by-Nine Counter A25 and a quartz 
crystal that oscillates at 16.588 MHz produce 
the timing signals for the Video Section. 



Inverters A47 isolate the quartz crystal. Its 
signal is used for clocking data through the 
RAM Data Buffer A22, Video Latch A32, and 
Divide-by-Nine Counter. This signal is also 
used as the S/L (SHIFT LOAD) input for the 
Parallel-to-Serial Converter. 

The D i vide-by-Nine Co unter produces 
WCLKO (WRIT E CLOC K 0) which oscillates 
at 1.8432 MHz. WCLKO clocks the Baud Rate 
Generator and the Parallel-to-Serial 
Converter. WCLKO also enables the Buffer 
Data Latch and the Video Data Latch. 

4.8.8 Video Latch A32 (Schematic 
P3) 

The Video Latch clocks the Raster Counts 
(RC0-RC3) from the CRTC to the Character 
Generator. The Raster Counter output 
provides the row selection for the Character 
Generator. 

The Video Latch also delays CURSOR one 
character time so that when the cursor ia 
displayed on the CRT, it follows the la^ 
character that was displayed. 

DISP2, which is the DISP EN signal delayed 
two character times, is produced by sending 
DISP EN through the Video Latch to D flip- 
flop A35 and back through the Video Latch. 

FUNCTION is the output signal that is 
received from the Display RAM Buffer via 
RD7. This signal goes high when an attribute 
is set by the operator. 

CURSOR, DISP2, and FUNCTION are sent 
to the Video Logic. 



4.8.9 Character Generator 
(Schematic P3) 



A23 



The Character Generator consists of an 
EPROM which is programmed with the 128 
upper and lower-case displayable characters 
in the ASCII code. 

The characters to be displayed are specified 
by the inputs A4-A10 produced by the Displajf 
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RAM Buffer. The raster line count is specified 
by CA0-GA3. 

The Character Generator uses A4-A10 and 
CA0-CA3 as address inputs and outputs 01-07 
which are routed to the Parallel-to-Serial 
Converter before being sent to the Video 
Logic. 

The Character Grenerator is enabled by 
character generator enable signals CE and 
DE. 

Input All, when high, indicates that a 
GRAPHIC character is to be produced. 

4.8.10 Video Logic (Schematic P3) 

The Video Logic conditions the data 
containing the character to be displayed, 
character attributes, and display attributes 
into the signal VIDEO, which is displayed on 
the CRT. 

The HSYNC, VIDEO, and VSYNC are routed 
to the CRT via connector Jl. 

Information produced by the Character 
Generator is routed to the Video Logic over 00- 
07. This information is loaded into the 
Parallel-to-Serial Converter (chip A15) by the 
video timing (1.8432 MHz) which is attached 
to S/L. From the Parallel-to-Serial Converter, 
the data is clocked out by the video timing 
(16.588 MHz) and used to produce the VIDEO 
serial data dot pattern. The bit pattern is 
clocked out in the order A-H. All bits are 
clocked out on the trailing edge before loading 
a new character. 

Data signals DB0-DB7 are clocked through 
the Video Logic Latch A33 from the CPU 
section to the Video Logic. DB0-DB7 define 
attributes that the operator selects. 

DBO produces the BLINKING attribute. 
When BLINKING is high, the cursor will 
blink at 1/64 of the field rate. 

DBl produces the UNDERLINE attribute. 
When UNDERLINE is high, an underline 
appears on raster line 11. 



DB2 produces the DUAL INTENSITY 
attribute. When DUAL INTENSITY is low^ 
normal brightness appears on the CRT. When 
high, the brightness is reduced. 

DB3 produces INVERSE. When INVERSE is 
high, the lighting of the current character is 
the reverse of the rest of the screen. That is, if 
the INVERSE SCREEN causes light 
characters to be shown on a dark background, 
then setting INVERSE high causes the 
current character to appear dark on a light 
background and vice versa. 

DB4 produces INVERSE SCREEN. When 
INVERSE is low, normal display is enabled 
(light characters on a dark background). 
INVERSE high produces reverse display 
(dark characters on a light background). 

DBS produces INHIBIT. When INHIBIT is 
low, VIDEO is inhibited (the screen is 
blanked). 

DB6 produces EIA/CURRENT LOOP which 
is sent to the External Interface section. 
When this signal is high, the modem port is 
enabled for RS-232-C communication. When 
this signal is low, current loop operations are 
enabled. 

DB7 produces GRAPHIC which is sent to the 
Character Generator. When GRAPHIC is 
high, the graphic mode of characters is 
enabled. 

FUNCTION, which is output by the Video 
Latch A32, permits attributes to be combined 
with the character dot pattern when it is high. 

VSYNC passes through a Divide-by- 16 
Counter and two Divide-by-Two Counters 
which divide the signal by 64. This signal is 
then gated with other attributes. 

Once all of the attributes have been 
determined, they are gated with the serial dot 
pattern that is produced by the Parallel-to- 
Serial Converter to produce the VIDEO 
signal which is sent to the monitor via pin 3 of 
connector J. 

4.8.11 ADM 22 Buzzer (Schematic 
P2) 

The MDT 20 buzzer (bell) is sounded when 
OUTl from the CPU section is low. 
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SECTION V 



5.1 MDT20 TERMINAL 

The MDT 20 terminal is comprised of two 
main assemblies, the terminal assembly and 
the keyboard assembly. 

The terminal assembly contains the 
following seven field replacement sub- 
assemblies: 

1. Housing assembly 

2. Power Supply assembly 

3. CRT/Yoke assembly 

4. CRT Board/Monitor Board assembly 



5. Main Logic Board assembly 

6. Transformer assembly 

7. ON/OFF Switch/Contrast Control 
assembly 

The keyboard, assembly contains the 
following two field replacement assemblies: 

1. Keyboard assembly 

2. Housing assembly 

Refer to figure 5-1 for all of the field 
replacement assemblies within the terminal 
housing. 



ON/OFF SWITCH/ 
CONTRAST CONTROL 
ASSEMBLY 



MONITOR LOGIC 

BOARD 

(TWO LOCATIONS) 



TRANSFORMER 
ASSEMBLY 




CRT/YOKE ASSEMBLY 



POWER SUPPLY 

ASSEMBLY 

(BEHIND 

TRANSFORMER 

ASSEMBLY) 



MAIN LOGIC 
BOARD ASSEMBLY 



Figure 5-2. MDT 20fJeW Replaceable Assemblies 



5-1 



.LEAR SIEGLER, INC 
DATA PRODUCTS DIVISION 



5.2 REAR HOUSING REMOVAL/ 
REPLACEMENT 

Step 1: Remove the two screw covers from 
the top of the unit (refer to figure 5- 
2 for locations). These covers must 
be removed by lifting upwards from 
the back or the retaining tabs will be 
broken off. 

Step 2: Place the MDT 20 terminal on it a 
face (care should be taken to prevent 



scratching of CRT or front bezel 
assembly. 

Step 3: Remove the two phillips screws from 
the top of the terminal assembly. 

Step 4: Remove the six phillips/hex head 
screws from the bottom of the 
terminal. 

Step 5: Remove the rear housing from the 
terminal assembly. 

Step 6: Installation of the rear housing is 
accomplished by reversing steps 1-5. 



SCREW COVERS 




\ REMOVE BY 
UFPNG HERE 



Figure 5-2. Rear Housing 
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5.3 MDT20 POWER SUPPLY 



The Power Supply used in the MDT 20 
tenninsil is a linear design type power supply 
capable of generating three different voltage 
levels. All of these voltage levels are self 
regulating and are not adjustable, whenever 
any of these voltages fail outside of their 
tolerances, the power supply should be 
replaced. The power supply assembly 



conuuna 



J.1 £. r ...1««<vc. 

kurin; 1U9C9 lur uvci vuibOK^ 



protection. Refer to Table 5-1 for all 
power supply voltage levels and where they 
are used. Refer to Table 5-2 for all power 
supply voltage levels and their tolerances. 
Refer to Table 5-3 for pin numbers, color 
codes, signals, origins and destinations of the 
power supply cable. Refer to Table 5-4 for 
fuse designations, ratings, and the circuitry 
they protect. Refer to figure 5-3 for a 
pictorial layout of the power supply board. 



Table 5-1. 



VOLTAGE LEVELS 


USED ON 




+5 Volts 


Main logic board and keyboard assemblies 




+ 15 Volts 


Main logic board and CRT board/Monitor board 


assemblies 


-12 Volts 


Main logic board assennblies 





Table 5-2. 



VOLTAGE LEVELS 


TOLERANCES 


+5 Volts 


+4.75 to +5.25 Volts 


+ 15 Volts 


+ 14.25 to +15.75 Volts 


-12 Volts 


-11.40 to -12.60 Volts 



Table 5-3. 



POWER SUPPLY 


MAIN LOGIC BOARD 


SIGNAL NAME 


WIRE COLOR 


Soldered 


P2 


+ 15 Volts 


Yellow 


Soldered 


P3 


-12 Volts 


White 


Soldered 


P5 


+5 Volts 


Red 


Soldered 


P6 


Ground 


Black 





Table 5-4. 




DESIGNATION 


FUSE VOLTAGE RATING FUSE AMPERAGE RATING 


PROTECTS 


F1 


250 Volts 


0.75 Amperage 


230 Volt line 


F1 


250 Volts 


1.25 Amperage {slow blow) 


115 Volt line 


F601 


250 Volts 


2.0 Amperage 


+5 Volt line 


F602 


250 Volts 


2.0 Amperage 


+15 Volt line 
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5.4 POWER SUPPLY REMOVAL/ 
REPLACEMENT 



Step 1: Gently push forward on the &ont 
bezel assembly. 

Step 2: Remove the CRT logic board from 
its mounting slots and place it out 
of the way. 

Step 3: Remove the four-wire cable 
assembly labeled P1-P6 from the 
main logic board. 

Step 4: Remove the six-wire cable 
assembly labeled A1-A6. 

*Step 5: Remove the two-wire cable 
assembly labeled AC1-AC2. 

•Step 6: Remove the two-wire cable 
assembly labeled T1-T2. 



•Step 7: Remove the one-wire cable 
assembly labeled X. 

•Step 8: Remove the one-wire cable 
assembly labeled B. 

Step 9: Remove the two phillips/hex head 
screws securing the back of the 
power supply to the lower case 
assembly. 

Step 10: Slide the power supply assembly 
towards the rear of the unit until 
the front portion of the power 
supply clears it's hold down slots. 

Step 11: Installation of the new power 
supply is accomplished by 
reversing steps I-lO. 

•Note these cables are held in place by a glue 
substance, flexing of the glued plugs will 
crack the slue. 
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BLACK 
BLACK y 

BLACK 



:o 

o ■ 

WHITE 
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FROM TRANSFORMER 



ON/OFF SWITCH 



RED 



o o o o o o 

Aa A5 A* A3 A2 At 



RED 



BLACK 



RED 



FROM ON/OFF SWITCH 
0(3 



FROM TRANSFORMER 



Figure 5'3. Power Supply Assembly 
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5.5 MONITOR ASSEMBLY 

The Monitor assembly used in the MDT 20 
terminal is manufactured by TECO ELEC. & 
MACH CO., LTD. The Monitor assembly is 
constructed from two main subassemblies. 
The CRT assembly, and the CRT 
Board/Monitor Board assembly. 

^.6 CRT ASSEMBLY REMOVAL 
AND REPLACEMENT PROCE- 
DURES 

The CRT assembly consists of a P31 green 
phosphor direct etched tube, an attached 
tension band with mounting lugs, and a yoke 
assembly. The tension band is designed to 
provide implosion protection. The yoke 
assembly consists of two separate laminated 
wire coils mounted to a plastic support base, 
pin-cushioning magnets, and centering ring 
magnets. Horizontal and vertical drive 
signals are supplied to the yoke by the CRT 
logic board. TTiese signals are used by the 
yoke to deflect the electron beam (inside the 
CRT) to properly "paint" the screen. The 
horizontal drive signal is supplied by the blue 
and orange wires. The vertical drive signal is 
supplied by the red and black wires. All of the 
wires are permanently soldered to the yoke 
assembly. However, the ends connecting to 
the CRT logic board are terminated with 
connectors, providing a means of separating 
the sub-assemblies. The pin-cushioning 
magnets are cemented to the yoke during 
manufacturing to ensure proper "painting" of 
the screen. The centering ring magnets are 
mounted at the base of the yoke assembly. 
Each may be rotated on its axis until the 
display is properly centered in the terminal's 
bezel. The CRT assembly is held in place 
inside the front bezel assembly by four 
phillips/hex head screws and washers. 
Caution should always be used when 
replacing the CRT assembly; it can and will 
act like a large capacitor, storing a charge of 
up to 11.5k volts. The CRT assembly should 
always be properly discharged prior to its 
removal from the terminal. 



Step 1: Gently remove the keyed socket 
monitor board from the neck of the 
CRT. 

Step 2: Disconnect the horizontal and 
vertical yoke wires from the H1-H2 
and VI- V2 locations on the CRT 
board. 

Step 3: Using an appropriately grounded 
device, discharge and disconnect the 
flyback anode from the top of the 
CRT. 

Step 4: Remove the diag spring from the 
upper left hand comer of the CRT 
assembly by removing its 
phillips/hex head retaining screws. 

Step 5: Remove the three remaining 
phillips/hex head retaining screws. 

Step 6: Remove the CRT assembly. 

Step 7: Installation of the new CRT/Yoke 
assembly is accomplished by 
reversing steps 1-6. 

5.7 CRT LOGIC BOARD/MONITOR 
BOARD REMOVAL/REPLACE- 
MENT 



The CRT Logic board/Monitor board 
assembly contains the controls for adjusting 
focus, sub-brightness, vertical hold, vertical 
size, vertical linearity, horizontal width and 
horizontal linearity. This assembly also 
contains the flyback transformer required to 
generate the high voltage (11.5k volts) 
necessary to drive the CRT. Refer to Table 5- 

5 for all adjustable components, their 
designators and the signals they confrol. 
Refer to figure 5>4 for a pictorial layout of 
the TECO CRT logic board. Refer to Table 5- 

6 for pin numbers, color codes, signals, 
origins and destinations of the CRT logic 
board/monitor board cables. 
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Step 1: 
Step 2: 

*Step 3: 
•Step 4: 
•Step 5: 
•Step 6: 



Gently push forward on the front 
bezel assembly. 

Remove the CRT logic board from 
its mounting slot by sliding it 
towards the rear of the unit. 

Remove the three-wire brightness 
cable labeled BR BR 

Remove the two-wire diag 
grounding cabled JJ JJ. 

Remove the two-wire horizontal 
yoke cable labeled Hi H2. 

Remove the two-wire vertical yoke 
cable labeled VI V2. 



•Step 7: Remove the monitor board from the 
back of the CRT neck. 

•Step 8: Remove the power wire labeled Z. 

Step 9: Remove ground wire from 
transformer base. 

Step 10: Remove the flyback anode from the 
top of the CRT. 

Step 11: Installation of the new CRT/ 
Monitor board assembly is 
accomplished by reversing steps 1- 
10. 

•Note these cables are held in place by a glue 
substance, flexing of the glued plugs will 
crack the glue. 
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Figure 5-4. MDT 20 CRT Logic Board 
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Table 5-5. 



COMPONENT TYPE 


DESIGNATION 


SIGNAL NAME 


Potentiometer 


VR401 


Vertical Hold 


Potentiometer 


VR402 


Vertical Side 


Potentiometer 


VR403 


Vertical Linearity 


Potentiometer 


VR501 


Focus 


Potentiometer 


VR502 


Sub Brightness 


Coil 


L503 


Horizontal Width 


Coll 


L504 


Horizontal Linearity 



Table 5-6. 



CRT LOGIC BOARD 


DESTINATION 


SIGNAL NAME 


WIRE COLOR 


B1 


Contrast Pot 


Contrast 


Yellow 


82 


Contrast Pot 


Contrast 


Red 


B3 


Contrast Pot 


Contrast 


Orange 


HI 


Horizontal Yoke Coil 


Horizontal Drive 


Orange 


H2 


Horizontal Yoke Coil 


Horizontal Drive 


Blue 


VI 


Vertical Drive Coil 


Venical Drive 


Blue 


V2 


Venical Drive Coil 


Venical Drive 


Red 


GND 


Diag Spring 


Ground 


Black 


GND 


Diag Spring 


Ground 


Black 


N/A 


Transformer Base 


Ground 


Green/Yellow 


Z 


On/Off Switch 


+ 1SV 


Yellow 



All CRT logic board adjustments should be 
made using the following procedures: 

SUB BRIGHTNESS: The sub-brightness 
control should be adjusted to a point where 
the white raster is just extinquished. The 
contrast control should be turned all the way 
OFF prior to the sub-brightness adjustment. 

VERTICAL: There is a slight interaction 
between the vertical hold, size and linearity 
controls. A change in the height of the screen 
may affect linearity. Make small alternating 
adjustments to each pot until the desired 
screen is acheived. 



HORIZONTAL WIDTH: Adjust the screen 
horizontal width by turning the Core of Coil 
L603 until the desired screen width is 
acheived. 

HORIZONTAL LINEARITY: When 
character width variations are observed in 
characters located on the same row, turn the 
Core of Coil L504 until the character widths 
become uniform. 

FOCUS: Minor adjustments to the overall 
screen display focus may be made by 
adjusting VR501. The Dynamic Focus Coil 
L505 should not be adjusted. 
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5.8 MAIN LOGIC BOARD 

REMOVAL/REPLACEMENT 

TheMDT 20 's logic board is designed around 
the 8085 microprocessor. This 40-pin 
microprocessor is located in a socket at board 
location A26. The logic board's operating 
code (OP CODE) is located in a socket at 
board location A44. The operating systems 
memory (scratch pad memory) is located in a 
single 24-pin 6116P-3 RAM at board location 
A45. The logic boards display memory is 
located in a single 24-pin 6116P-3 RAM at 



board location A21. The logic boards CRT 
timing information is handled by the 40-pin 
CRTC I.e. located at board location A31. The 
logic board character generation is handled 
by the 24-pin, character generator or ROM 
located in a socket at board location A23. 
Refer to figure 5-5 for a drawing layout of 
the logic board. Refer to Table 5-7 for the 
logic board modem porf s pin out. Refer to 
Table 5-8 for the printer ports pin out Refer 
to Table 5-9 for the keyboard port pin out. 
Refer to Table 5-10 for the logic boards video 
outputs to the monitor assembly. 





Table 5-7. 




MODEM PORT 


PIN OUT 


SIGNAL NAME 


DIRECTION 


1 


Chassis Ground 


N/A 


2 


Transmit Data 


Output 


3 


Receive Data 


Input 


4 


Request to Send 


Output 


5 


Clear to Send 


Input 


6 


Data Set Ready 


Input 


7 


Signal Ground 


N/A 


20 


Data Terminal Ready 


Output 


23 


Current Loop Receive ± 


Input 


25 


Current Loop Receive ± 


Input 


17 


Current Loop Transmit ± 


Output 


24 


Current Loop Transmit ± 


Output 
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Table 5-8. 



PRINTER PORT 


PIN OUT 


SIGNAL NAME 


DIRECTION 


1 


Chassis Ground 


N/A 


2 


Auxiliary Receive Data 


Input 


3 


Auxiliary Transmit Data 


Output 


4 


Auxiliary Request to Send 


Input 


5 


Auxiliary Clear to Send 


Output 


6 


Auxiliary Data Set Ready 


Output 


7 


Signal Ground 


N/A 


20 


Auxiliary DataTenminal Ready (Busy Low) 


Input 



' 


Table 5-9. 




KEYBOARD PORT 


PIN OUT 


SIGNAL NAME 


DIRECTION 


1 


Cap Lock 


Input 


2 


Ground 


N/A 


3 


Serial Data 


Input 


4 


+5 Volts 


Output 


5 


Ground 


N/A 



Table 5-10. 



LOGIC BOARD 
PIN OUT 


SIGNAL 


WIRE COLOR 


CRT LOGIC BOARD 


1 


+ 15 Volts 


Yellow 


Soldered 


2 


Ground 


Black 


Soldered 


3 


Video 


White 


Soldered 


4 


Ground 


Copper Stranded 


Soldered 


5 


Horizontal Sync 


Blue 


Soldered 


6 


Vertical Sync 


White 


Soldered 
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Step 1: Remove the six-wire cable assembly 
labeled S1-S6. 



Step 2: Remove the four-wire cable 
assembly labeled P1-P6. 

Step 3: Remove the two phillips/hex head 
screws securinff the back of the logic 

board assembly to the lower housing 
assembly. 



Step 4: Slide the logic board assembly 
towards the rear of the unit until the 
front portion of the logic board 
assembly clears if s hold down slots. - 

Step 5: Installation of the new logic board is 
accomplished by reversing steps 1-4. 



5.9 TRANSFORMER REMOVAL/ 
REPLACEMENT 

Step 1: Remove the six-wire transformer 
cable assembly labeled A1-A6 from 
the power supply board. 

Step 2: Remove the two-wire transformer 
cable assembly labeled T1-T2 from 
the power supply board. 

Step 3: Remove the four phillips/hex head 
screws securing the transformer to 
the bottom housing assembly. 

Step 4: Remove the four grounding wires 
and two securing plates. 

Step 5: Remove transformer. 

Step 6: Installation of the new transformer 
is accomplished by reversing steps 
1-5. 
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Figure 5-5. MDT 20 Main Logic PCBA 
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5.10 ON-OFF SWITCH/CONTRAST 
PORT ASSEMBLY REMOVAL/ 
REPLACEMENT 

Step 1: Remove the CRT logic board from 
its mounting slots and place it out 
of the way. 

Step 2: Remove the gray wire labeled X 
from the power supply board. 

Step 3: Remove the red wire labeled B from 
the power supply board. 

Step 4: Remove the yellow wire labeled Z 
from the monitor board. 

Step 5: Remove the three wire contrast 
assembly cable labeled BR BR from 
the CRT logic board. 



Step 6: Unsolder the small diameter black 
line cord wire (refer to figure 5-6 
for clarification). 

Step 7: Unsolder the large diameter black 
power supply wire. (Refer to fi^re 
5-6 for clarification). 

Step 8: Remove the three phillips/hex 
head retaining screws. 

Step 9: Remove the contrast knob by 
pulling forward. 

Step 10: Remove the ON/OFF Switch/ 
Contrast pot assembly. 

Step 11: Installation of the new ON/OFF 
Switch/ Contrast pot assembly is 
accomplished by reversing steps 1- 
10. 



MOUNTING 
SCREWS 



CONTRAST 
KNOB 



FRONT BEZEL 




^ 



•grayR 
•red[8J 
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' BLACK (LINE CORO)* 

■ BLACK (POWER SUPPLY)* 



■ YELLOW (bT) 

•REDJil] 

' ORANGE {ia] 



•SOLDERED 
CONNECTIONS 



Figure 5-6. ON/OFF Switch/ Contrast Pot Assembly 
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5.11 KEYBOARD REPLACEMENT 

Step 1: Place the keyboard assembly on its 
face and remove the four 
phillips/hex head screws securing 
the bottom housing. 

Step 2: Remove the bottom housing from 
the keyboard assembly. 

Step 3: The keyboard interface cable is held 
in place with a metal strain relief 
and two phillips/hex head screws. 
Remove one of these screws, loosen 
the remaining screw and rotate the 
strain relief plate 90. 

Step 4: Remove the four phillips/hex head 
screws securing the keyboard 
assembly to the top housing. 

Step 5: Remove the keyboard assembly 
from the top housing. 

Step 6: Installation of the new keyboard 
assembly is accomplished by 
reversing steps 1-5. 

5.12 FAILURE ANALYSIS 

Trouble shooting of the MDT 20 terminal is 
straight forward and conventional. Listed 
below are suggested steps to be followed in 
trouble shooting a customers complaint. 

Step 1: The terminal's serial number should 
be checked and varified. This will 



eliminate the possibility of working 
on the wrong terminal. 

Step 2: Check the terminal's SMD number. 
This will tell you if the terminal was 
manufactured as a standard 
terminal, or as a special terminal. 

Step 3: Check with the customer, find out all 
the information you can about the 
failure. 

Step 4: Operate the terminal, try and 
duplicate the customer's reported 
problem. 

Step 5: Isolate the cause of the failure, 
replace the malfunctioning module 
or make the necessary adjustments. 

c^-_ c Ti.-^. ^u. .1. ;: 1 .£r 1: 

Jiivy o. iSSX kiie Lcrminai uii une. 

Step 7: Have the customer check out the 
terminal on line, varify that the 
terminal is working properly. 

When the terminal is used in if s RS-232-C 
interface mode, a good trouble shooting tool is 
the wraparound plug (modem pins 2 & 3 are 
tied together). This plug can be used in either 
the half or full duplex modes of operation. In 
the half duplex mode, when a character is 
typed two characters should appear on the 
display. In the full duplex mode, when a 
character is typed only one character should 
appear on the screen. Refer to Table 5>11 for 
additional trouble shooting information. 
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Table 5-11. 



SYMPTOM 


POSSIBLE CAUSE 


ACTION TAKEN 


Terminal does not have 
a cursor. 


Blown Fuse/Fuses 
Power Supply 
Main Logic Board 
CRT Logic Board 


Replace Fuse 
Replace Power Supply 
Replace Main Logic Board 
Replace CRT Logic Board 


Terminal has collapsed video 
(horizontal or vertical) 


Main Logic Board 
CRT Logic Board 


Replace Main Logic Board 
Replace CRT Logic Board 


Terminal will not transmit 
(Video is good.) 


Main Logic Board 
RS-232-C Cable 


Replace Main Logic Board 
Replace RS-232-C Cable 


Terminal will not receive 
(Video is good.) 


Main Logic Board 
RS-232-C Cable 


Replace Main Logic Board 
Replace RS-232-C Cable 


Terminals keys bounce 


Main Logic Board 
Keyboard 


Replace Main Logic Board 
Replace Keyboard 


Terminal receives and 
transmits garbled data. 


Main Logic Board 
Terminal Set-Up 
RS-232-C Cable 


Replace Main Logic Board 
Check Terminal Set-Up Mode 
Replace RS-232-C Cable 
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SECTION VI 
REFERENCE DRAWINGS 



6.1 REFERENCE DRAWINGS 

The reference drawings required for servicing 
the MDT 20 video display terminal are 
included in numerical sequence in this 
section. These drawings include the 
schematics, wiring diagrams, and 
miscellaneous drawings as listed below: 

DRAWING TITLE 

MDT 20 ASSEMBLY 

Schematic, Main Logic Board 77242000D31 

Schematic, Keyboard 77242000K13-03 

Schematic, Power Supply 77242000A13 

Schematic, Monitor PWB 77800554431-03 

Schematic, Key Matrix 77800554431-03 

Schematic, Key Matrix 77242000K13-04 

Enlarged copies of these drawings 
accompany the manual for your convenience. 
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N 


902 53^ 


HfftTSl^JK 




<- 


: FSCM NO. 

98438 


38 






y 


^ 


X 


8?3S/0 


Wflt,H€^r^ ^V 5-/*»>t/r- 






39 












• 








40 




















41 




















42 






1 














C/) 

I 


r 

-0 

6- 
C 
O 




43 
44 






































45 




















46 




















47 




















48 




















49 
50 





















m >• 
< 


































^ 









,r 



REVISIONS 



LTR 



SHEET 



DESCRIPTION 



DATE 



APPROVED 



DASH 
NO. 



/3<gZV/ 



NEXT ASSY 



USED ON 



APPLICATION 



UNLESS 

OTHERWISE 
SPECIFIED 
DIM. IN INCHES 
TOLERANCES 
X±.l 
.XX ± .03 
.XXX ± .010 
ANGLES ±0.5* 
MACH. FIN. 



vT 



D» 7T /7la.,.t>e. 



CHK 



^ 



DSGN 



ENGR 



PROJ 



REL 



CUSTOMER APPD 




LEAR SIEGLER, NC. DATA PRODUCTS DIV. 
CUSTOMER SE'RVICE DEPARTMENT 



KEYBOARD ASSY 



SIZE 

A 



CODE IDENT 

98438 



PL 9OO700 



- REV 



SCALE 



SHEET 1 OF 



o 

tn 
H 
O 

m 
?d 

en 

» 

n 
PI 

o 
m 



FIND 
NO. 



QTY REQD 



,0^^ 



STOCK NO. 



PART OR 
IDENTIFYING NO. 



NOMENCLATURE OR 
DESCRIPTION 



REMARKS 



1 



_4_ 
5 



/ 



N 



900700-00) 



K^Y^GoARD Assy 



900103-001 



H0US1N6> KB. TOP /^om22 



8 



10 



11 



CO 



12 



m 



13 



CD 
00 

Ca) 
00 



en 

X 



en 
n 



14 



15 



O 



16 



17 



18 



19 



20 



21 



22 



23 



33 

m 
< 



24 



A 



9OOIQ3-00I 



HOUSIMG.K^. RASg-Aom2: L 



l3GHaQ-Q0| 



A^sr KFrBOFiRD-TfCO : ^^ 



qQ2S5'y 



^3(^36.6-00/ 



^27-Q|Q 



q^Z02Q 



902^^*/ 



BR^CKrT^ Cft6Lr 



/nouNt 



MAMEPLRTF KB 6-0^^ 



SCRgvAy ^^Hx\2LSZ^^e> 



5;cRFW N\3x8 5Z>^Q 



FQOr K^\-'RnARD 



REVISIONS 



LTR 



SHEET 



DESCRIPTION 



DATE 



APPROVED 



DASH 
NO. 



NEXT ASSY 



USED ON 



APPLICATION 



UNLESS 

OTHERWISE 
SPECIFIED 
DIM. IN INCHES 
TOLERANCES 
X±.l 
.XX ± .03 
.XXX ± .010 
ANGLES ±0.5* 
MACH. FIN. 



7' 



DR 



CHK 



DSGN 



ENGR 



PROJ 



REL 



CUSTOMER APPD 




LEAR SIEGLER, NC. DATA PRODUCTS DIV. 
CUSTOMER SE'RVICE DEPARTMENT 



KEYBOARD - T^CO 

ADrA2Z 



SIZE 

A 



CODE IDENT 

98438 



SCALE 

A 



- REV 

PL )3(^H^O _ A 



SHEET 1 OF 



n 

c 
01 

H 
O 

Z 

m 
») 

(n 

PI 

70 

< 

n 

m 

o 
PI 

H 



FIND 
NO 



QTY REQD 



^ 



STOCK NO 



PART OR 
IDENTIFYING NO. 



NOMENCLATURE OR 
DESCRIPTION 



REMARKS 



26 



X 



I28S33- I05" 



RtS IfA OH«^ 



s7o 



liW 



R2. 



27 



903007 



RE^ iOK OHrA /?fs-NFT>Mo«i< 



<»HI I 



RM, Z 



28 



^^1^07 



SCRBVJ lA3>^(o 52 A^W 



29 



.X. 



B.33'-IQ5' 



NQX 






30 



31 



M 



JvP^J 



TunPFR WtRf' 10X12. Sx 10 



J7->^ 



/si 



MPM 



TOIAPFR VK/tf^e- 7yt2.^?t7 



5/ -75" 



32 



9/063 1 



T/ir>l0S <STt)»< :iS.C*^rM S" 



Gil 



33 



34 



35 



36 



m 



37 



38 



a>-n 

00 jq 
^^ 

(a)z 
00° 



39 



40 



41 



42 






? 



43 



h) 



44 






45 



46 



47 



48 



3) 

m 1> 
< 



49 









FIND 
NO. 


QTY REG 


D 


STOCK NO. 


PART OR 
IDENTIFYING NO. 


NOMENCLATURE OR 
DESCRIPTION 


REMARKS 






n 

c 

i 

m 

(/) 

pa 

< 

n 
m 

a 

• 








^«^ 


! 


- 


1 








y 


A 


i3(2>M20 -OOI 


ASSY KfVeoPiRD mrO'22 Ter.O 






2 






















3 






















" 






4 
















•■ 






5 
6 








m 






KrYToP6 feLANJK-Tfco 


(pfir^T Ufs-r) 












Rff 






KFVTDPS STPkMOlP^Rb /iD/n22 


(pA^r ust) 






7 








1 


N 


90*^0 SO 


KfVToP Sirr.STD ADiv\22. 








8 






















9 








1 




90 20^0 


CAeuE" KB PDtAZ-Z. 








10 
11 








^1 




9OH05I 


Kt'YSVIVTCH T£"CO STD 


' 












1 




q0H06^ 


KeYSvKj\TCV4 CAP-LOCK Tf CO 








12 








% 




qoH06^1 


\<ey suppor<-r 




>^^ 




E FSCM NO. 

98438 


13 
14 








\ 




'^o^yoSG 


sP^ce- BftR^^KeY t^op 














\ 




90HO67 


spf\c\r %f\9. Rot) 








15 








z 




90^05ft 


spf\ce G>f\c< suppor<T 








16 








\H 




^08035" 


DlOD^ INHHM6 


D\ TMRU D\H 










17 








1 




9I3I03 


TC MrA^7H9^N 


XCX 








r 
O 


18 
19 








1 




905BO3 


CRYSTAU SST'tSMSHZ 


xTl 












1 




qoibBHS 


CAP. .35 /^FD oZ-Sv/ 


CI 






20 








1 




^05 380 


CAP p. a nFD 5^DV 


C3 






21 








I 




90 5 OS J 


CAP 57 PFD lOOV 


CZ 






22 








) 




l29i2S-IO»-y 


CAP .\ ^^Ft) loov/ 


CH 






23 








) 




J^8b'd'i-|o| 


i<:Es 100 oH/A 5 7o '/h>/ 


R4 






24 








1 


X 


I2B533 ■• /o:.i 


R£S \K OVifA 5«»>6 'Aw 


Rl 






03 . 






m 


^ 










9 


X 


\2f>,533-|o:-{ 


Krs loK OH /A s% '/mw 


R3, S 





, LEAR SIEGLER, INC. 



DATA PRODUCTS DIVISION 



APPENDIX A 

OPERATORS 

QUICK REFERENCE 

CHARTS 



, LEAR SIEGLER, INC. 
DATA PRODUCTS DIVISION 



ASCII CODE CHART 



B7 
B6 

BITS °^ 

B4 B3 B2 B1 









1 





1 






1 


1 


1 







1 



1 


1 
1 





1 


1 

1 


CONTROL 


NUMBERS" 
SYMBOLS 


UPPER CASE 


LOWER CASE 








NUL 




30 

DLE 

10 1« 


40 
30 


SP 


to 

30 





4t 


100 
40 


•4 


130 

P 
90 


to 


140 

t 

•0 


n 


110 
70 


P 

112 








Jl 


41 




t1 






101 




121 




141 




lit 







1 


SOH 

1 t 


DC1 


31 


1 

33 


31 


1 


4t 


A 

41 


M 


Q 


11 


a 
11 


93 


71 


^,3 








23 


43 




t3 






102 




123 




142 




in 







1 


STX 


0C2 

13 It 


33 


II 

34 


33 


2 


SO 


B 

43 


M 


R 

S2 


t2 


b 

13 


91 


72 


r 

114 








33 


43 




S3 






103 




133 




143 




113 







1 1 


ETX 

3 3 


DC3 

13 1» 


33 


3S 


33 


3 


SI 


c 

43 


»7 


s 

S3 


13 


c 

63 


99 


73 


s 

lis 








i* 


44 




64 






104 




134 




144 




114 




1 





EOT 

4 4 


DC4 

I« 30 


34 


$ 

3t 


34 


4 


S3 


D 

44 


M 


T 

S4 


•4 


d 

•4 


100 


74 


t 
111 








3S 


4S 




H 






lO 




139 




I4f 




in 




1 


1 


ENQ 


NAK 

IS 31 


39 


37 


3t 


5 


S3 


E 

4t 


tt 


u 

SI 


It 


e 

It 


101 


79 


u 

117 








31 


4« 




at 






lot 




I3t 




14* 




lit 




1 


1 


ACK 


SYN 

te 33 


3t 


& 

31 


3t 


6 


S4 


F 

4t 


70 


V 


W 


f 

M 


103 


7t 


V 

lit 








37 


47 




67 






107 




117 




147 




117 




1 


1 1 


BEL 

7 ? 


ETB 

17 33 


27 


; 

3t 


37 


7 


St 


G 

47 


71 


w 

97 


IT 


17 9 


100 


77 


w 

119 






10 ■*- 


30 


SO 




70 






no 




130 




190 




170 




I 





BS 
1 1 


CAN 

It 3« 


31 


( 

40 


3t 


8 


St 


H 

41 


72 


X 

St 


H 


h 

M 


104 


7t 


X 

130 


1 


1 


11 T»» 

HT 

9 1 


11 

EM 

It 3S 


SI 
29 


) 

41 


71 
39 


9 


S7 


111 

1 

49 


73 


131 

Y 

St 


•9 


1SI 

1 
M 


lot 


171 
79 


y 

121 






" i 


33 


S3 




73 






113 




133 




193 




IT2 




1 


1 


LF 

A 10 


SUB 

1* 3t 


3A 


43 


lA 


* 
• 


91 


J 


74 


z 

S* 


90 


„l 


101 


74 


z 

122 


10 11 


VT 


33 

ESC 

It 37 


S3 

31 


+ 

43 


73 

31 


■ 
f 


99 


113 

K 

4« 


79 


133 

c 

9t 


91 


193 

k 

u 


107 


173 

7» 


^ 123 






14 '■• 


M 


S4 




74 






114 




134 




194 




174 




1 1 





FF 

C 1} 


FS 

IC 31 


3C 


1 

44 


X 


< 


to 


L 

4C 


7t 


\ 

SC 


93 


1 
IC 


lot 


7C 


1 
124 






IS DTN 


3S 


SS 




79 






119 




I3t 




ISt 




179 




1 1 


1 


CR 

13 


QS 

ID 39 


10 


4S 


30 


SS 


tl 


M 

40 


77 


] 
90 


93 


m 

to 


101 




^2. 


1 1 


1 


*so 

E l« 


3t HOMC 

RS 

1C 30 


St 
3C 


■ 

4t 


7t 

3f 


> 


t3 


lit 

N 

4i 


79 


I3t 

A 

St 


»4 


ISt 

n 


no 


179 
7f 


13i 








" iinI 


s? 




77 


ONL 


117 




137 




157 




'"r 




1 1 


1 1 


SI 

f IS 


us 

If 31 


2_ 


/ 

47 


3F 


? 


t3 




4f 


7t 


» 


91 


o 


111 


RU80UT 

7f 177 



KEY 



10 ^ 


LSI CumOn CONTNOL COOf 


BS 


AtCIIOWMnr 


• • 


dBMMt 



Get familiar with ASCII and LSI control codes with the help of this handy table. 



DP222 



A-1 



LEAR SIEGLER, INC. 
DATA PRODUCTS DIVISION 



ABSOLUTE CURSOR ADDRESSING 
OPERATION CODES 







Keys 1 






ROW 


COL 
ASCII 








Jstd: ESC ■ 


ASCII 




ASCII CODES 


POSITION 


ASCII COOES 


POSITION 


ASCII COOES 


POSITION 


ROW 


COL 


ROW 


COL 


ROW COL 


ESCll . 1 ISPAC^I 


1 
2 




^n m 




28 
29 


UscJil V 




55 
56 




m 




m 




B 




B 


3 






H 




30 




[T 




57 




m 


4 






a 




31 




m 




58 




m 


5 






a 




32 




a 




59 




m 


6 






m 




33 




I 




60 




m 


7 






m 




34 




s 




61 




□ 


8 


3 




m 




35 




\T 




62 




en 


9 


9 




m 




36 




a 




63 




CD 


10 


10 




m 




37 




Q 




«C 




Q 


U 


U 




m 




38 




n 




65 




H 


12 


12 




m 




39 




\L 




66 




□ 


13 


13 




m 




40 




a 




67 




Q 


14 


14 




a 




41 




a 




68 




□ 


15 


15 




CD 




42 




[Z 




69 




CD 


16 


16 




a 




43 




IT] 




70 




m 


17 


17 




B 




44 




a 




71 




CD 


18 


18 




m 




45 




D 




72 




u 


19 


19 




s 




46 




H 




73 




m 


20 


20 




m 




47 




i] 




74 




m 


21 


21 




m 




48 




H 




75 




m 


22 


22 




B 




49 




a 




76 




m 


23 


23 




(3 




50 




a 




77 




J] 


24 


24 




Cs] 




51 




3 




78 




m 




25 




m 




52 


' 







79 




B 




26 
27 


' 


m 




53 
54 


ESC 3 [7 




80 


liKJli 11 


ESCI ' U 








1 




1 




1 





A-2 



DP221 



, LEAR SiEGLER, INC 
DATA PRODUCTS OIVISION 



STATUS LINE CODE SUMMARY 







Write Status Line 
Read Status Line 
Response 


ESC%XiX2X3....Xio 

ESCS 

X^X'X3....X'0CR 


Where X i thru X 10 correspond to nybbles 1 thru 10. The lower four bits 
of each character represents the set (1 ) or reset (0) state of the associated 
nybble. The control codes used are depicted below with the various bit 
state combinations- 


Must Be 
Low BIT 

6 5 4 3 2 10 




ASCII CHARACTER 

NUL-OOHex 

SOH - 01 Hex 

STX - 02 Hex 

ETX - 03 Hex 

EOT - 04 Hex 

ENQ-05Hex 

ACK - 06 Hex 

BEL -07 Hex 

BS • 08 Hex 

HT - 09 Hex 

LF - OA Hex 

VT - OB Hex 

FF-OCHex 

CR - 00 Hex 

50 - OE Hex 

51 - OF Hex 





0| 






(3 


1| 









1 01 









1 11 









1 01 









1 1| 









1 1 0| 









1 1 1I 









1 Oi 









1 1| 









1 1 0| 









1 1 1| 









1 1 0| 









1 1 1| 









1 1 1 0| 




0| 1 1 1 l| 





DP222 



A3 



. LEAR SIEGLER, INC 

DATA PRODUCTS DIVISION 



ADM 22 ESCAPE SEQUENCES 



Mil 


2 1 


3 1 


* 1 


5 


6 1 


7 














@ 


nmiTPAa 

WMOTECTIO 


P 


WMTPAa 
AU, 


\ 




P 




1 


• 




I 




A 


am pnwT 

WTNnSPUT 


Q 


IKEKT 
CMM 


a 




q 




2 




xmoMo 

UNIOO 


2 




B 


snuKx 

MODE 


R 


OEim 


b 




r 




3 


a 


KET80M0 

LOW 


3 




C 


sn am 

MOK 


S 




c 




s 




4 


s 


RfU STATUS 

UK- 


4 


SENOUK 

iMnuiiiru 


D 


SCTH/r 

ama 


T 


ERASE TV EM OF 

UMUiimTECTES 


d 




t 


ERASE TO EM 

aruMAu. 


5 


96 


WWn STATUS 


5 


smna 

uwmncTis 


E 


iRSOir 

UNt 


U 


STPMOUM 
MOf 


e 




u 




6 


& 


Sn PWTICT 
MOK 


6 


stmiM 


F 




V 




f 




V 




7 


' 


KSnPUOIKT 
MOK 


7 


SOD PMC 
Mi 


G 


SnGMPMCS 
MODC 


w 


OCUTt 
CMM 


g 




w 




8 


( 


RESnNMTI 
PMTICT 


8 




H 


REsneuPNcs 

MOK 


X 


KsnpmaiAM 

MOK 


h 




X 


SENDCMARAna 


9 


) 


SET WMTI 

pwncT 


9 




1 


UCKTU 


Y 


ERASE Til EDO or 

PASuanoTEcnD 


i 


TU 


y 


ERASE TO EM 
OF PAGE AU 


A 


S3 


CUM 111 

TO Mia 




CUM Ml 
TOMIU 


J 




2 




J 




z 




B 


+ 


nFMUNmOTECT 
TOSPtOS 


'• 


CUM UNPMITECT 
TO SPACES 


K 




t 




k 




{ 




C 


• 




< 


ERASE UK 
IMnOTCCTD 


L 




\ 




1 




i 




D 


- 




3 


AOWCSS 

CURSMIK** 


M 


SETMOMTM 
MOK 


] 




m 




} 




E 






> 


EMSEIW 
Aa 


N 




A 




n 


HIXHIART PORT 
MTKOUT OISPUT 


'■Srf 




F 


/ 




7 


REAOCURSn 
K" 







— 







RfSnTlRlMIUl 


oil 





•MULTIPLE CHARACTERS REQUIRED, SEE TABLE 3-3. 
••MULTIPLE CHARACTERS REQUIRED, SEE FIGURE 3-2. 



A4 



DP222 



, LEAR SIEGLER. INC. 
DATA PRODUCTS DIVISION 



APPENDIX B 



LEARSIEGLER, !NC. 
DATA PRODUCTS DIVISION 



EMULATION COMMAND CODE SUMMARY 
(Operations are as described in Table 3-2 and 3-3) 



HAZELTINE 1500 EMULATION 

The Lead-in Code (Lll is selectable in Set-Up 
Mode to be either an ESC (IB Hex) or a TILOE 
(7E Hex) 



ADOS REGENT 25 EMULATION 



OPERATION 



COMMAND 



Cursor Right 

Cursor Down 

Cursor Up 

Cursor Lett 

Cursor Home 

Bel 

Carriage Return 

Tab 

Keyboard Lock 

Keyboard Unlock 

Clear All To Spaces 

Reset Write Protect 

Set Write Protect 

Enable Aux Port 
With Display 

Enable Aux Port 
Without Display 

Disable Aux Port With/ 
Without Display 

Clear Unprotect To 
Spaces 

Direct Cursor Address 

Read Cursor Address 

Insert Line 

Delete Line 

Erase To End Of Line 
All 

Erase To End Of Line 
Unprotected 

Erase To End of Display 
All 

Erase To End of Display 
With Protected Spaces 



DEL 

(LI) LF/VT 

(LUFF 

BS 

(LII0C2 

BEL 

CR 

HT 

(LI)NAK 

(LI)ACK 

(LIIFS 

(Lll US 

(LI) EM 



HEX CODE 



COMMAND 



(LI)GS 

(LI)DCI (COL) (ROW) 

(LIIENQ 

(LI) SUB 

(LI) DC3 

(LI) SI 



(Lll CAN 
(LIIETB 



10 

XX OA/OB 

XXOC 

08 

XX 12 

07 

00 

09 

XX IS 

XX 06 

XX IC 

XX IF 

XX 19 



XX 10 

XX 11 XX XX 

XX OS 

XX 1A 

XX 13 

XX OF 



XX 18 



XX 17 



ACK 
LF 

SUB 

6S/NAK 

SOH 

BEL 

CR 

ESC 5 
ESC 6 

FF 



DC2 
ESC 3 
0C4 

ESC Y (ROW) (COL) 



ESCK 



ESCK 



HEX CODE 



06 

OA 

tA 

08/15 

01 

07 

00 

IB 35 
IB 36 
OC 



12 

IB 33 
14 

IB 59 XX XX 



IB 48 



1B6B 



(continued on following page) 



DP222 



Bl 



, LEAR SIEGLER, INC 



DATA PRODUCTS DIVISION 

EMULATION COMMAND CODE SUMMARY (continued) 

NOTE: In Add Regent 25 Emulation the following functions and codes are not supported: 
ESC ; • Enter Function Keypad Mode 1 
ESC < - Enter Function Keypad Mode 2 
ESC ■ • Enter Function Keypad Mode 3 
OLE - Code for Address Horizontal 
VT - Code for Address Vertical 



B2 DP222 



.LEAR SIEGLER, INC. 



DATA PRODUCTS DIVISION 



APPENDIX C. 
ADM 22 MNEMONICS 



. LEAR SIEQLER, INC. 



DATA PRODUCTS DIVISION 









BINARY WEIGHT/ 


MNUMONICS 


TERM 




HEX ADDRESS 


AO 


ADDRESS 




#1 


Al 


ADDRESS 1 




42 


A2 


ADDRESS 2 




#4 


A3 


ADDRESS 3 




48 


A4 


ADDRESS 4 




= 16 


A5 


ADDRESS 5 




»32 


A6 


ADDRESS 6 




'64 


A7 


ADDRESS 7 




= 128 


A8 


ADDRESS 8 




=512 


A9 


ADDRESS 9 




-1 no/1 


AlO 


ADDRESS 10 




=2,048 


ABO 


ADDRESS BUS 





= 1 


ABl 


ADDRESS BUS 


1 


»2 


AB2 


ADDRESS BUS 


2 


=4 


AB3 


ADDRESS BUS 


3 


=8 


AB4 


ADDRESS BUS 


4 


= 16 


AB5 


ADDRESS BUS 


5 


=32 


AB6 


ADDRESS BUS 


6 


=64 


AB7 


ADDRESS BUS 


7 


= 128 


AB8 


ADDRESS BUS 


8 


=256 


AB9 


ADDRESS BUS 


9 


=512 


ABIO 


ADDRESS BUS 


10 


=1,024 


ABll 


ADDRESS BUS 


11 


=2,048 


AB12 


ADDRESS BUS 


12 


=4,095 


AB13 


ADDRESS BUS 


13 


=8,192 


ABU 


ADDRESS BUS 


14 


=16,384 


ABl 5 


ADDRESS BUS 


15 


=32,768 


ADO 


ADDRESS/DATA 


= 1 


ADl 


adoress/dat; 


\ 1 


=2 


AD2 


ADDRESS/DATA 2 


=4 


AD3 


ADDRESS/DATA 3 


=8 


AD4 


ADDRESS/DATA 4 


= 16 


ADS 


ADDRESS/DATA 5 


=32 


AD6 


ADDRESS/DATA 6 


=64 


AD 7 


ADDRESS/DATA 


7 


= 128 


BLINKING 


BLINKING 






CAO 


CHARACTER ADDRESS 


=1 


CAl 


CHARACTER ADDRESS 1 


=2 


CA2 


CHARACTER ADDRESS 2 


^4 


CA3 


CHARACTER ADDRESS 3 


=8 


CRTC 
CURSOR 


CATHODE RAY 
CURSOR 


TUBE CONTROLLER 


$1800 



C-1 



, LEAR SIEGLER, INC. 
DATA PRODUCTS DiVISION 



MNUMONICS 


TERM 


DBO 


DATA BUS 


DBl 


DATA BUS 1 


DB2 


DATA BUS 2 


DB3 


DATA BUS 3 


DB4 


DATA BUS 4 


DBS 


DATA BUS 5 


DB6 


DATA BUS 6 


DB7 


DATA BUS 7 


DISP EN 


DISPLAY ENABLE 


DISP 1 


DISPLAY 1 


DISP 2 


DISPLAY 2 


DUAL INTENSITY 


DUAL INTENSITY 


EIA/CURRENT LOOP 


EIA/CURRENT LOOP 


FUNCTION 


FUNCTION 


GRAPHIC 


GRAPHIC 


H SYNC 


HORIZONTAL SYNC 


HZ-CAP LOCK EN 


HERTZ-CAP LOCK ENABLE 


INTl 


INTERRUPT 1 


INT2 


INTERRUPT 2 


INT3 


INTERRUPT 3 


INHIBIT 


INHIBIT 


INVERSE 


INVERSE 


INVERSE SCREEN 


INVERSE SCREEN 


lO/M 


INPUT OUTPUT/MEMORY 


lOR 


INPUT OUTPUT READ 


lOW 


INPUT OUTPUT WRITE 


MEMR 


MEMORY READ 


MEMW 


MEMORY WRITE 


OUTO 


OUT 


OUTl 


OUT 1 


0UT2 


OUT 2 


0UT3 


OUT 3 


RAO 


RAM ADDRESS 


RAl 


RAM ADDRESS 1 


RA2 


RAM ADDRESS 2 


RA3 


RAM ADDRESS 3 


RA4 


RAM ADDRESS 4 


RA5 


RAM ADDRESS 5 


RA6 


RAM ADDRESS 6 


RA7 


RAM ADDRESS 7 


RA8 


RAM ADDRESS 8 


RA9 


RAM ADDRESS 9 


RAIO 


RAM ADDRESS 10 


RAMSL 


RAM SELECT 


ROD 


RAM DATA 


RDl 


RAM DATA 1 


RD2 


RAM DATA 2 


RD3 


RAM DATA 3 


RD4 


RAM DATA 4 c-2 



BINARY WEIGHT/ 
HEX ADDRESS 



?2800 



'1 

«2 

'4 

=8 

»16 

'32 

»64 

= 128 

=256 

= 512 

=1,024 

S2000 



, LEAR SIEGLER, INC. 
DATA PRODUCTS DIVISION 



MNUMONICS 



TERM 



BINARY WEIGHT/ 
HEX ADDRESS 



RD5 

RD6 

RD7 

RD 

READY 

nrrrT tm 

RESET OUT 

RST 

SET BAUD 

T2 

UNDERLINE 

VIDEO OUT 

VSYNC 

WLCKLO 

WLCLKO 

WR 

02 

$3000 

S3800 

# 

s 



RAM DATA 5 

RAM DATA 6 

RAM DATA 7 

READ 

READY 

RESET IN 

RESET OUT 

RESET OUT 

SET BAUD 

T2 

UNDERLINE 

VIDEO OUT 

VERTICAL SYNC 

WRITE CLOCK 

WRITE CLOCK 

WRITE 

PHASE 2 

S3000 

S3800 

BINARY WEIGHT 

HEXADECIMAL ADDRESS 



SOODF 



$3000 
S3800 



C-3 



